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Abstract
Physical activity during childhood has many immediate and future physical, 
social and mental health benefits. An emerging pool of evidence also suggests 
that sedentary behaviours (i.e. behaviours that require little energy expenditure 
and are performed in a seated/lying position) have detrimental health outcomes, 
independent of physical activity. Accordingly, in 2014 the Australian Government 
endorsed guidelines recommending every day children (5-12years) perform at 
least an hour of moderate- to vigorous-intensity physical activity, limit electronic 
media use to less than two hours, and interrupt prolong periods of sitting as often 
as possible. Despite the associated health risks, the majority of Australian children 
fail to meet these guidelines. The need to identify key periods of the day for 
interventions targeting behaviour change is therefore evident.  
The after-school period is an important, yet understudied time of the day where 
children are able to perform both active and sedentary past time options without 
the restriction of school timetabling. Interventions targeting after-school physical 
activity and sedentary behaviours require an understanding of the correlates 
associated with these behaviours to effectively target change. The exploration of
the prevalence and correlates of children’s after-school behaviours has been 
limited to date by inconsistencies in the definition of ‘after-school period’ used, 
cross-sectional samples, and studies that assess the correlates of behaviour from 
only one of the domains within the ecological model. By addressing many of 
these limitations, this thesis has made a novel contribution to the literature 
examining children’s after-school physical activity and sedentary behaviour.    
 Abstract 
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Firstly, to identify the current prevalence rates of children’s after-school physical 
activity and sedentary behaviour, this thesis reviewed the literature to date 
including systematically reviewing the prevalence of children’s after-school 
sedentary time and sedentary behaviours from 29 papers. Despite a variety of 
definitions of ‘after-school period’ used, children perform little physical activity 
after-school and spend approximately half of the period sedentary. Importantly, 
this time is comprised of a variety of screen- and non-screen based sedentary 
behaviours (e.g. homework and social sedentary behaviours), providing a wealth 
of potential intervention targets. As such interventions require an understanding 
of the factors influencing participation, the correlates of after-school physical 
activity and sedentary behaviour were also reviewed. Few and inconsistent 
correlates of after-school physical activity, predominantly from the intrapersonal 
and social domains of the ecological model have been identified in the literature 
to date. Of 58 potential correlates of after-school sedentary behaviour identified 
by the systematic review, only two non-modifiable correlates (sex and age) were 
measured frequently enough to produce an overall association and the direction 
varied according to the behaviour. No consistent modifiable correlates were 
identified. The prevalence and correlate literature is currently limited by cross-
sectional data, samples predominantly from the US, and studies that examined the 
correlates within only one of the domains of the ecological framework at a time. 
To facilitate future research of after-school physical activity and sedentary 
behaviour, and enable direct and accurate comparisons between studies, a 
standardised definition of ‘after-school period’ is required. Using accelerometer 
and activPAL inclinometer data from 308 children, the time spent sitting, 
sedentary, in light-, moderate-, and moderate- to vigorous-intensity physical 
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activity were compared across three potential after-school periods: end-of school 
to: 1) sunset; 2) 6pm; and 3) dinner time. No differences in the percentage of time 
spent in any of the behaviours across the three definitions were identified.
Therefore the end-of school to 6pm is an appropriate definition and is used 
throughout this thesis.     
To address the gaps within the literature of children’s after-school physical 
activity and sedentary behaviour, this thesis examined children’s after-school 
behaviours cross-sectionally and longitudinally. After-school accelerometer 
measured sedentary behaviour, light-, and moderate- to vigorous-intensity 
physical activity and proxy-reported screen-based sedentary behaviour among 
406 children (mean age 8.1 years) were examined. Children spent over half of the 
after-school period sedentary (objectively measured), which accounted for only a 
fifth of their daily sedentary behaviour. In contrast, children spent only 14% of 
the after-school period in moderate- to-vigorous intensity physical activity, but 
this contributed to almost a third of their daily moderate- to-vigorous intensity 
physical activity levels. Of concern, children performed over 80% of their daily 
screen-based sedentary behaviours during the after-school period, highlighting the 
importance of the period for the accumulation of physical activity and sedentary 
behaviours. This study also found that the behaviours children perform after 
school also significantly impacts the likelihood of them achieving the physical 
activity and sedentary behaviour guidelines.  
To build upon these cross-sectional findings, children’s after-school physical 
activity and sedentary behaviours over 5 years were examined. Two cohorts of 
children were followed: younger children (aged 5-6 years) and older children 
(aged 10-12 years) at baseline. Over a five year period, children’s after-school 
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sedentary behaviour increased; however, the contribution this period made to 
daily behaviours remained relatively stable. Conversely, children’s after-school 
moderate- to-vigorous intensity physical activity significantly declined, 
particularly among girls and the older cohort as they transitioned from primary 
(elementary) school to secondary school. Importantly, despite the decline in 
actual minutes of moderate- to-vigorous intensity physical activity performed 
after school, this period made a larger contribution to children’s daily moderate- 
to-vigorous intensity physical activity levels over time. The after-school period 
appears to become more important for the accumulation of moderate- to-vigorous 
intensity physical activity as children progress through primary and into 
secondary school and among girls, suggesting interventions should begin when 
children are young to reduce these age-related changes and develop strategies to 
target girls’ after-school physical activity. 
Adding to the limited literature examining the correlates of children’s after-school 
moderate- to-vigorous intensity physical activity and sedentary behaviour, this 
thesis comprehensively examined correlates across three domains of the 
ecological model among 354 children from the cross-sectional behaviour analysis 
(mean age 8.2 years). Although 59 correlates were assessed, only five correlates 
were significantly associated with either outcome behaviour after adjusting for 
age, sex and clustering by school. Variables positively associated with moderate- 
to-vigorous intensity physical activity included: sibling physical activity co-
participation, frequency of non-organised physical activity and the number of 
days at a sporting club after school. Parents being concerned about their child’s 
health behaviours was negatively associated with moderate- to-vigorous intensity 
physical activity. Variables associated with sedentary behaviour included non-
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organised physical activity frequency (negatively associated) and the facilities to 
be active not available (positively associated).  
Only one variable, the frequency of non-organised physical activity, was 
associated with both after-school physical activity (positive association) and 
sedentary behaviour (negative association). This suggests that different 
intervention strategies may be required when targeting physical activity and 
sedentary behaviour performed during the after-school period. While few 
correlates were significantly associated with after-school physical activity and 
sedentary behaviour, these findings provide novel and valuable information that 
can be used for intervention development.    
Promoting non-organised physical activity participation may be a simple, feasible 
and low cost intervention strategy to increase after-school physical activity and 
reduce sedentary behaviour. In addition, sibling physical activity co-participation 
and attending sporting clubs are also potential intervention strategies to increase 
physical activity after school. To target after-school sedentary behaviour, 
interventions should also target parental awareness of local physical activity 
facilities or provide examples of how they can use the facilities they have in an 
active way.  
The findings from this thesis have highlighted that the after-school period holds 
potential for children to perform active, screen- and non-screen based sedentary 
behaviours. The period is also important for the accumulation of children’s daily 
physical activity and sedentary behaviour and becomes increasingly so as they go 
through primary school and into secondary school and among girls. Further, 
changes in after-school behaviour may have significant impact on their likelihood 
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of achieving the associated physical activity or sedentary behaviour guidelines. 
Although additional longitudinal research using purpose-developed and context-
specific survey items is warranted, this thesis provides information about the 
influences on these behaviours that could be used to inform the development of 
interventions to target children’s suboptimal physical activity and sedentary 
behaviours during the after-school period.  
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CHAPTER ONE                                                 
Introduction 
The physical, social and mental health benefits of childhood physical activity are 
well established (Janssen and LeBlanc, 2010; Andersen et al., 2006; Strong et al., 
2005; Larun et al., 2006), while the evidence of negative health outcomes 
associated with elevated childhood sedentary behaviour is mounting (Tremblay et 
al., 2011b; Rey-Lopez et al., 2008; Russ et al., 2009). In response to these health 
benefits and risks, Australia has created recommendations relating to the 
minimum time children should be active and the maximum amount of time they 
should spend sedentary each day. The Australian guidelines recommend children 
(5-12 years) perform at least 60 minutes of moderate- to vigorous-intensity 
physical activity each day (higher levels associated with additional health 
benefits) and include activities that strengthen muscle and bone on at least three 
days per week (Australian Government Department of Health, 2014). Many other 
developed countries have similar guidelines for children’s physical activity 
(Tremblay et al., 2011a; Department of Health (Scotland), 2011). In addition, 
Australia is one of the first countries to endorse sedentary behaviour guidelines 
for children. These state that children should minimise the time spent sedentary 
by limiting electronic media use for entertainment to no more than two hours per 
day (lower levels are associated with reduced health risks) and break up sitting as 
often as possible (Australian Government Department of Health, 2014). 
Despite the associated health risks, population data suggest that children are not 
achieving these guidelines. In 2011-12, only 28% of Australian 5-11 year olds 
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met the physical activity guidelines and only 36% achieved the sedentary 
behaviour guidelines (Australian Bureau of Statistics, 2013). These rates are 
similar to those in many other developed countries (Healthy Active Kids New 
Zealand, 2014; Active Healthy Kids Canada, 2014; Active Healthy Kids England, 
2014; National Physical Activity Plan Alliance, 2014) and highlight the need to 
implement interventions targeting increases in physical activity and reductions in 
sedentary behaviour. However, as there are considerable within-day differences in 
children’s physical activity patterns (Trost et al., 2000), it is necessary to examine 
different periods of the day to determine the appropriateness of targeting 
children’s health behaviours during those time periods (Welk et al., 2000). 
The after-school period, often termed the ‘critical window’, is a promising yet 
understudied time period that may provide an opportune time to promote physical 
activity and reduce sedentary behaviour. During after-school hours, children are 
no longer restricted by the school time table and this period affords children more 
discretion to choose engagement in active and/or sedentary pastimes. They may 
also have more autonomy over these choices than at other times of the day. 
Further, the context of the after-school period (i.e. where they are, who they are 
with etc.) may differ to other times of the day (e.g. during school hours). 
While there is an emerging literature on the after-school period in relation to 
children’s physical activity (Hager, 2006; Fairclough et al., 2007; Cox et al., 
2006; Nilsson et al., 2009a), few studies have cross-sectionally or longitudinally 
examined participation in both physical activity and sedentary behaviour during 
this period or determined the contribution this period makes to daily physical 
activity and sedentary behaviour levels. For effective intervention development 
targeting this period, an understanding of the correlates specific to after-school 
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physical activity and sedentary behaviour is also needed. The aim of this thesis 
was to examine children’s participation in, and the correlates of, physical activity 
and sedentary behaviour performed during the after-school period. 
1.1 Structure of this thesis 
This thesis by publication begins with a literature review (Chapter Two) to 
critique and synthesise the existing literature relevant to children’s physical 
activity and sedentary behaviour during the after-school period. Contained in the 
literature review are two systematic reviews: Paper One - A systematic review of 
the prevalence of sedentary behavior during the after-school period among 
children aged 5-18 years (under review in International Journal of Behavioral 
Nutrition and Physical Activity); and Paper Two - The correlates of after-school 
sedentary behaviour among children aged 5-18 years: a systematic review 
(published in BMC Public Health). These reviews, in combination with other 
sections of the literature review, highlight the lack of evidence regarding the 
prevalence and correlates of after-school physical activity and sedentary 
behaviours. Further, they provide a background and rationale for the additional 
studies and papers included within Chapters Four through Seven of this thesis. 
Chapter Three contains a detailed description of the studies incorporated within 
this thesis including details of the study aims and recruitment process which is 
often excluded within published manuscripts. Chapter Three also contains details 
of my role within each study. 
Three cross-sectional and one longitudinal study examining children’s after-
school physical activity and sedentary behaviour are presented in Chapters Four 
through Seven. Chapter Four contains Paper Three (published in the Health 
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Promotion Journal of Australia) which developed a standardised definition of 
‘after-school’, a need identified from the current literature. That paper examined 
children’s physical activity and sedentary behaviours measured objectively via the 
Actigraph GT3X accelerometer and PAL Technologies activPALTM inclinometer 
using a variety of definitions of ‘after-school’. By comparing the findings, a 
conclusion regarding a standardised definition of the ‘after-school’ period was 
devised. This definition was used in the remaining studies within this thesis.  
Chapter Five contains Paper Four (published in PLoS One) which cross-
sectionally examined children’s objectively measured after-school physical 
activity and sedentary behaviour (via Actigraph GT3X accelerometer), and their 
proxy-reported screen-based sedentary behaviours. That paper examined the 
contribution that behaviours performed during the after-school period make to 
daily physical activity and sedentary behaviour levels and to children achieving 
the current physical activity and screen-based sedentary behaviour guidelines. 
Chapter Six contains Paper Five (published in the American Journal of Preventive 
Medicine) which builds on the findings from Chapter Five by examining after-
school behaviours longitudinally. That paper examined children’s after-school 
physical activity and sedentary behaviours (measured by Actigraph accelerometer 
GT1M), the contribution these make to daily behaviour levels and how this 
changed over five years.  
The cross-sectional and longitudinal exploration of children’s after-school 
physical activity and sedentary behaviours presented in Chapter Five and Chapter 
Six highlight how sedentary children and adolescents are after school. It also 
shows that although only a small proportion of the after-school period is spent in 
moderate- to vigorous-intensity physical activity, this period makes an important 
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contribution to children’s and adolescents’ daily physical activity levels. 
Interventions targeting increases in children’s physical activity and reductions in 
sedentary behaviours are therefore warranted. However, to be effective they 
require an understanding of the period-specific correlates of these behaviours 
which were examined in Chapter Seven.   
Chapter Seven contains Paper Six (in preparation) which used an ecological 
framework (Davison and Birch, 2001) to explore the intrapersonal (e.g. 
enjoyment of physical activity, screen-based, social or academic sedentary 
behaviours and sports competence etc.), social (e.g. after-school social norms, co-
participation with siblings, parents and peers, rules promoting or restricting 
physical activity and sedentary behaviours etc.) and physical environment (e.g. 
the child’s location, access to physical activity and sedentary behaviour
equipment in the home etc.) correlates of children’s objectively measured after-
school physical activity and sedentary behaviour.  
Chapter Eight provides an overview and synthesis of the findings from all 
chapters and discusses the strengths and limitations of this body of research.  
Drawing on findings from this thesis and previously published literature, this 
chapter provides suggestions for future research recommendations and directions, 
and practical implications for targeting children’s after-school physical activity 
and sedentary behaviour. 
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CHAPTER TWO                                                
Literature Review 
2.1 Defining physical activity and sedentary behaviour 
Physical activity is defined as bodily movement produced by skeletal muscle that 
increases energy expenditure above basal level (US Department of Health and 
Human Services, 1996; Caspersen et al., 1985). Physical activity is characterised 
by four components: frequency (how often it occurs), duration (how long it lasts), 
intensity (how strenuous it is) and type (the type of activity) (Sallis and Patrick, 
1994). Physical activity intensity is determined using the metabolic equivalent of 
task (METS), where 1.6-3.9 METS is considered light intensity, 4-5.9 METS is 
considered moderate intensity and ≥6 METS is considered vigorous intensity 
(Trost et al., 2002a; Trost et al., 2011). Children’s physical activity is performed 
in the domains of organised and non-organised activity during and outside of 
school hours, active transport, domestic chores and active free play (Pangrazi, 
2000). Children’s physical activity is sporadic, spontaneous and intermittent in 
nature (Pangrazi, 2000; Bailey et al., 1995), with bouts of higher intensity 
activities typically lasting 3 to 22 seconds (Bailey et al., 1995; Baquet et al., 
2007). Physical inactivity refers to the absence of, or inadequate participation in 
physical activity; however, this terminology has occasionally been inappropriately 
substituted with the term sedentary behaviour (Owen et al., 2000).  
Sedentary behaviour refers to a distinct set of behaviours (Ainsworth et al., 1993) 
requiring less than 1.5 METs and are performed during waking hours while sitting 
or lying (Sedentary Behaviour Research, 2012). Examples include television (TV) 
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viewing, computer, internet or electronic games use (screen time), school work 
and reading (Lobstein et al., 2004). It is important to examine physical activity 
and sedentary behaviours as groups of separate behaviours as evidence suggests 
they have independent health outcomes, unique correlates, and are often only 
weakly related (Tremblay et al., 2010; de Rezende et al., 2014; Stierlin et al., 
2015; Gorely et al., 2004; Melkevik et al., 2010).  
2.2 Physical activity and health 
Childhood physical activity has numerous physical, social and mental health 
benefits (Janssen and LeBlanc, 2010; Andersen et al., 2006; Strong et al., 2005;
Larun et al., 2006). A systematic review of the health benefits of childhood 
physical activity revealed that active children have a lower risk of overweight and 
obesity, more favourable cholesterol and blood lipid profiles, lower blood 
pressure levels, lower risk of metabolic syndrome, and higher bone mineral 
density (Janssen and LeBlanc, 2010). Data from European (Andersen et al., 2006) 
and American (Strong et al., 2005) children and adolescents have shown that 
active children have fewer risk factors for cardiovascular disease and type 2 
diabetes, including lower waist circumference (Andersen et al., 2006; Strong et 
al., 2005), blood pressure (Andersen et al., 2006; Strong et al., 2005), glucose 
levels (Andersen et al., 2006; Strong et al., 2005), cholesterol levels (Andersen et 
al., 2006; Strong et al., 2005), elevated triglycerides (Andersen et al., 2006;
Strong et al., 2005) and insulin resistance (Andersen et al., 2006).  
Children who participate in physical activity also have fewer depressive 
symptoms (Janssen and LeBlanc, 2010; Larun et al., 2006), higher self-esteem, 
better quality of sleep, greater social skills, better awareness of fair play and 
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teamwork and an increased sense of community belonging (Biddle et al., 2004; 
Shilton and Naughton, 2001). Active children also have fewer emotional 
problems such as hyperactivity and problems with their peers (Wiles et al., 2008). 
In summary, there is strong evidence to suggest that childhood physical activity is 
beneficial to children’s physical, mental and social health. However, evidence 
also suggests that other behaviours children commonly perform, such as sedentary 
pastimes, may also impact their health. 
2.3 Sedentary behaviour and health 
The evidence showing negative physical, social and mental health outcomes 
associated with elevated sedentary behaviour during childhood is mounting 
(Tremblay et al., 2011b; Rey-Lopez et al., 2008; Russ et al., 2009). TV viewing is 
the most common sedentary behaviour measured; therefore associations with 
health are often based on relationships with TV viewing time. Consistently, 
childhood TV viewing has been positively associated with obesity both cross-
sectionally and longitudinally (Tremblay et al., 2011b; Rey-Lopez et al., 2008; 
Chinapaw et al., 2011; Marshall et al., 2004). High levels of TV viewing are also 
associated with elevated blood pressure (Pardee et al., 2007), and cardiometabolic 
biomarkers of inflammation and endothelial function (Sardinha et al., 2008; Gabel 
et al., 2015; Martinez-Gomez et al., 2012). Poor social and mental health is also 
observed among children with high levels of TV viewing (Tremblay et al., 
2011b). A systematic review showed that children who watch more than two 
hours of TV per day have poor self-esteem and pro-social behaviour (Tremblay et 
al., 2011b). Each additional hour of TV viewing is also associated with increased 
social-emotional problems and lower social competence (Russ et al., 2009). 
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Further, emerging evidence shows children who watch more than two hours of 
TV per day have lower academic achievement (Tremblay et al., 2011b).    
In addition to the immediate health implications, elevated levels of TV viewing in 
childhood and adolescence have been associated with long-term health 
consequences. These include risk of obesity (Hancox, Milne et al. 2004), poor 
fitness (Tucker, 1986; Armstrong et al., 1998) and raised cholesterol in adulthood 
(Hancox, Milne et al. 2004). 
Evidence of associations between health and other sedentary behaviours is less 
clear. A 2008 review of the association between computer and video game use 
with overweight/obesity risk (Rey-Lopez et al., 2008) found a null association. 
However the authors noted the lack of a clear definition of these sedentary 
behaviours within the literature which required them to generate their own 
behaviour groupings and draw conclusions based on these (TV viewing, video 
game use including games consoles and computer use including playing computer 
games and browsing the internet). Consequently, any significant findings may 
have been lost when summarising the findings according to these groupings. 
Elevated levels of total sedentary behaviours have also been shown to be 
associated with increased cardiovascular disease and diabetes risk factors among 
children (Pardee et al., 2007; Sardinha et al., 2008). In addition, evening screen 
time of an hour or more is associated with higher risk of sleep problems 
(Kubiszewski et al., 2014). 
Given the positive physical, social and mental health outcomes associated with 
childhood physical activity and the negative health outcomes associated with 
sedentary behaviours, Australia and many other developed countries have 
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developed recommendations relating to how much of these behaviours children 
should perform. 
2.4 Physical activity and sedentary recommendations  
In response to the evidence of health outcomes associated with performing 
physical activity and sedentary behaviours, the Australian Government endorsed 
physical activity and sedentary behaviour recommendations in 2014 for youth 
aged 5-18 years (Australian Government Department of Health, 2014). These 
recommendations are consistent with those from other developed countries 
(Australian Government Department of Health, 2014; Tremblay et al., 2011a; 
Department of Health (Scotland), 2011). They were developed according to 
evidence supporting the minimum amount of physical activity required to obtain 
health benefits during childhood and for setting limits on the maximum amount of 
sedentary behaviours to prevent adverse health outcomes (Australian Government 
Department of Health, 2014).  
The recommendations state that every day children aged 5-12 years should 
perform at least 60 minutes of moderate- to vigorous-intensity physical activity 
that includes aerobic, muscle and bone strengthening activities (Australian 
Government Department of Health, 2014). In addition, children should limit 
sedentary behaviours, specifically their electronic media use for entertainment, to 
less than two hours per day and break up long periods of sitting (Australian 
Government Department of Health, 2014). 
 It is therefore important that children are as active as often as possible and limit 
their sedentary behaviour. To examine the time that children spend being active 
and sedentary, and to determine the proportion of children meeting the 
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recommendations, valid, reliable and appropriate instruments are required to 
measure behaviour (Melanson and Freedson, 1996). 
2.5 Physical activity and sedentary behaviour assessment 
Measuring children’s physical activity and sedentary behaviour provides valuable 
information on the prevalence and patterning of behaviour. When determining the 
most appropriate measurement technique to use among a child population, 
considerations must be given to participant burden, age and the data sought. The 
techniques suitable for measuring children’s physical activity and sedentary 
behaviour can be categorised as objective or subjective and are described briefly 
below. 
2.5.1 Subjective measurement techniques 
Surveys, logs and diaries are commonly used subjective methods of behaviour 
measurement. Surveys are frequently used for large studies of children due to 
their practicality and participant acceptance (Melanson and Freedson, 1996). 
Surveys provide extensive information on the frequency, intensity, type, duration 
and domain of the physical activity or sedentary behaviour (Melanson and 
Freedson, 1996). Surveys are an inexpensive and time effective method. Self-
report surveys have shown to have acceptable reliability among children as young 
as 10 years (Telford et al., 2004) and acceptable validity when compared to direct 
observation (Sirard and Pate, 2001). A limitation of self-report is social 
desirability bias where participants report outcomes they believe are desirable or 
pleasing to the researchers (Warnecke et al., 1997). Further, recall difficulties 
(Melanson and Freedson, 1996) and poor time perception skills (Welk et al., 
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2000) among children under 10 years may impact their ability to provide 
information about time spent in specific behaviours. Proxy-report surveys, where 
another person (usually a parent) completes the survey items about the child, are 
often used to overcome a number of these limitations (Baranowski, 1988). 
However, proxy-report relies on the reporters’ observation of the behaviours 
being assessed, (Baranowski, 1988) which excludes data collection during the 
times they are not with the child whose behaviour is being assessed (e.g. at school 
or after-school care).  
Diaries and logs require participants to record their physical activity and 
sedentary behaviours during a pre-determined time frame (e.g. two days, one 
week, etc.). A child-specific example is the Multimedia Activity Recall for 
Children and Adolescents (MARCA) which uses child determined periods of 
interest (i.e. asks child to identify when lunch, end of school, dinner etc. occurred) 
(Ridley, 2005). The MARCA has high test-retest reliability (ICC ranging from 
0.88 to 0.94) and moderate criterion validity (Spearman coefficients ranging from 
0.36 to 0.45) (Ridley, 2005). The Bouchard Diary, an activity log often used in 
adolescent populations, asks for the main behaviour performed at 15-minute 
intervals (Bouchard et al., 1983). Total energy expenditure obtained from the 
Bouchard Diary has been correlated with the Tritrac-R3D activity monitor in 
young adults aged 18-23 years (r=0.74) (Wickel et al., 2006). Diaries and log 
books are limited to the degree to which participants follow instructions (Sallis 
and Saelens, 2000) and although comprehensive, they may be burdensome and 
reactive (Melanson and Freedson, 1996).  
In summary, subjective measures are suitable and cost-effective for examining 
physical activity and sedentary behaviours in children (Melanson and Freedson, 
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1996), large or geographically diverse populations and for obtaining information 
on non-time-dependant or descriptive measures among younger populations 
(Welk et al., 2000; Adamo et al., 2009). However, a 2009 review of subjective 
(e.g. surveys, diaries and logs) and objective measures (e.g. accelerometry, heart 
rate monitoring or direct observation) of children’s physical activity concluded 
that data collected from subjective measures overestimated participation in 
comparison to objective measures (Adamo et al., 2009). Therefore the use of 
objective measures should also be considered. 
2.5.2 Objective measurement techniques  
Various objective physical activity measurement methods have been established, 
although not all are suitable for use among children (Melanson and Freedson, 
1996). The doubly labelled water technique is a highly accurate objective measure 
of energy expenditure but is unable to differentiate between the type, duration, 
frequency or intensity of physical activity or sedentary behaviour (Melanson and 
Freedson, 1996). Although also objective, heart-rate monitoring can produce large 
individual differences (Melanson and Freedson, 1996) and be influenced by 
genetic factors, temperature (heat), and stress (Montoye and Taylor, 1984; Epstein 
et al., 2001). This limits the appropriateness of these two techniques for use when 
examining children’s physical activity or sedentary behaviours. Direct 
observation is considered the criterion measure of physical activity and it enables 
period specific (e.g. school recess, after-school) behaviour to be examined (Sirard 
and Pate, 2001). However, it is costly and has a high researcher burden in both the 
data collection and analysis phases. Motion detectors such as accelerometers and 
pedometers are often used when objectively examining children’s physical 
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activity due to their small size, durability (Melanson and Freedson, 1996) and 
comfort for the participant (Janz, 1994). Pedometers can be used to estimate the 
number of steps taken but do not measure type or intensity of physical activity 
(Melanson and Freedson, 1996). Accelerometers and inclinomers are popular 
devices for objective measurement among children and will now be described in 
more detail. 
Accelerometers 
Accelerometers are sensitive to amount and intensity of movement and are a 
practical and useful tool for child populations (Melanson and Freedson, 1996). 
They are small, durable (Melanson and Freedson, 1996) and comfortable for the 
participant (Janz, 1994). Accelerometers measure the acceleration and 
deceleration of the body between 0.25 to 2.5 Hz, therefore capturing only human 
movement (i.e. not recording movement from travelling in a vehicle) (Welk et al., 
2003; ActiGraph, 2009). Accelerometers are sensitive to the amount and intensity 
of movement and provide information regarding the frequency and duration of 
behaviours in real time (Melanson and Freedson, 1996). This enables data from 
specific periods of interest, such as the after-school period, to be extracted. The 
Computer Science Application (CSA) accelerometer has been validated for 
assessing physical activity and sedentary behaviour among children in laboratory 
(Trost et al., 1998) and field settings (Janz, 1994; Ott et al., 2000; Eston et al., 
1998; Puyau et al., 2002). The CSA has been developed into the Actigraph 
accelerometer which is widely used in research examining the behaviours of 
children.  
Accelerometers collect movement counts in predetermined periods of time known 
as epochs (ActiGraph, 2009). Previously, one-minute epochs have been typically 
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used in studies assessing child, adolescent and adult behaviours, in part, to 
accommodate data storage capabilities of early accelerometer models (Trost et al., 
2000). However, due to the intermittent and sporadic nature of children’s 
behaviour, shorter epochs (e.g. 5 seconds, 15 seconds) are recommended  
(Edwardson and Gorely, 2010) to minimize any smoothing of intensity levels 
observed over a 60 second period (Trost et al., 2005). Therefore, studies that have 
used 5 second epochs should not be compared to studies that have used 60 
seconds epochs (Edwardson and Gorely, 2010), particularly as estimates of 
vigorous intensity physical activity differ when using 5 and 60 second epoch 
lengths (Nilsson et al., 2002).  
Accelerometer movement counts are typically interpreted according to previously 
defined cut points which represent physical activity intensity levels (i.e. the lower 
the movement counts the lower the intensity of the behaviour) (Puyau et al., 2002; 
Sirard et al., 2005; Pate et al., 2006; Reilly et al., 2003; Freedson et al., 1998; 
Trost et al., 2002a). These cut points have been calculated using algorithms 
obtained from studies using direct comparisons of accelerometer counts and 
oxygen consumption during nominated activities of varying intensity (e.g. 
watching TV, running) (Puyau et al., 2002; Sirard et al., 2005; Pate et al., 2006; 
Freedson et al., 1998; Trost et al., 2002a; Masse et al., 2005). The most 
appropriate cut points to use among children remains a contentious issue despite 
reviews (Cain et al., 2012), comparisons with direct observation (McClain et al., 
2008) and validation studies contrasting the most commonly applied cut points 
across the physical activity spectrum (Trost et al., 2011).  
Individual calibration producing person-or study-specific cut points may limit 
some of the measurement error associated with accelerometry cut points. 
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However this is very time and resource intensive, reducing its suitability for large 
population studies. New approaches to accelerometer-based physical activity 
research propose using raw acceleration signals to which pattern recognition 
techniques can be applied. (Troiano et al., 2014; John et al., 2013) This enables 
the behaviours being performed to be identified (Troiano et al., 2014; Fairclough 
et al., 2016). Such techniques are still in their infancy and require additional 
evaluation, followed by unanimous use among researchers to facilitate study 
comparisons. 
A number of makes of accelerometers have been used within the literature, for 
example Caltrac® (Computer Science and Applications, Hemokinetics Inc.), 
Actigraphtm (CSA, Inc. Shalimar, FL), Actiwatch® (MiniMitter Company, Inc., 
Sunriver, OR) and the newly developed GENEActiv (Activinsights, Cambs, 
United Kingdom). In addition, multiple models of accelerometers have been used 
to assess children’s physical activity (e.g. Actigraph 7164, GT1M, GT3X, 
GT3X+). Comparison studies have found agreement (via ICC) between models of 
Actigraph in vertical axis counts (ICC:0.99, 95% CI:0.99-0.99), vector magnitude 
counts (ICC: 0.98, 95% CI: 0.97-0.99), and moderate- to vigorous-intensity 
physical activity duration (ICC: 0.99, 95%CI: 0.99-0.99), enabling direct 
comparisons between the GT1M, GT3X and GT3X to be made (Robusto and 
Trost, 2012). However, caution should be used when comparing the earlier model 
(7164) and the GT1M, as the earlier model may underestimate time spent 
sedentary and overestimate light-intensity physical activity (Corder et al., 2007). 
Accelerometers are limited in that they may underestimate the energy cost of 
common childhood movements such as water-based activities and cycling 
(Pedišić and Bauman, 2015) and are unable to provide information on the specific 
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behaviours being performed which may be important for intervention 
development (Welk et al., 2000). It is therefore suggested that they be used in 
conjunction with a measurement technique that can capture the description of the 
behaviour, such as surveys (Melanson and Freedson, 1996). Further, hip mounted 
accelerometers are unable to assess postural changes (Hart et al., 2011); however 
inclinometers can provide such information.  
Inclinometers 
Inclinometers, such as the activPALTM (Brockman et al., 2010), enable a 
participant’s free-living time to be classified into periods of sitting, standing (not 
walking) and walking (Brockman et al., 2010). Data obtained from the 
activPALTM also includes information on transitions from sitting to standing and 
standing to sitting. The device has been found to have acceptable validity among 
children (Aminian and Hinckson, 2012; Ridgers et al., 2012b) and adults (Ryan 
CG et al., 2008; Grant PM et al., 2006). As the device collects data in real time, it 
can be condensed into periods of interest, for example the after-school period, to 
allow analysis and comparison of specific periods. The limitations of 
inclinometers are that their accuracy can be affected by unusual sitting postures, 
for example partly kneeling (Aminian and Hinckson, 2012). As with 
accelerometers, they are unable to provide information about participation in 
specific behaviours (e.g. sitting watching TV viewing, or sitting completing 
homework) (Aminian and Hinckson, 2012), or contexts in which behaviours 
occur, which may be useful for interventions. 
In summary, subjective measures provide behaviour-specific participation data, 
while objective measures provide time-specific data. As such, a combination of 
subjective and objective measures may be used to combat their respective 
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limitations (Melanson and Freedson, 1996). Data produced from these subjective 
and objective measures provide valuable information on the prevalence of 
children’s physical activity and sedentary behaviours. 
2.6 Prevalence of children’s physical activity and sedentary behaviour
Population-level physical activity and sedentary behaviour data provide 
information on the prevalence of children’s behaviours (Commonwealth 
Scientific Industrial Research Organisation (CSIRO), 2008; Colley et al., 2012;
Matthews et al., 2008; Steele et al., 2010; Ruiz et al., 2011). International 
prevalence data also enables comparisons of these behaviours between countries. 
2.6.1 Prevalence of physical activity 
The 2011-12 Australian Health Survey reported different prevalence rates for 
children and adolescents meeting physical activity guidelines depending on the 
criteria used (Australian Bureau of Statistics, 2013). When physical activity was 
summed across the week and averaged per day, Australian children (aged 5-17 
years) performed 91 minutes of physical activity per day and approximately 60% 
met the physical activity guidelines of one hour per day (Australian Bureau of 
Statistics, 2013). Lower rates of compliance were observed when the criterion 
was 60 minutes on every day (28.4% of 5-11 year olds and 8.2% of 12-17 year 
olds (Australian Bureau of Statistics, 2013)). Among both age groups, a greater 
proportion of boys meet the physical activity guidelines than girls (5-11 year olds: 
boys 29.2%, girls 27% and 12-17 year olds: boys 9%, girls 7.4%) although 
statistically significant differences were not assessed (Australian Bureau of 
Statistics, 2013).  
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The Active Healthy Kids Australia Report card (2014) combined data from five 
large studies of Australian children’s (2-17 years) physical activity (Active 
Healthy Kids Australia, 2014). This report provided valuable information on the 
types of physical activities children are performing. Active play (non-organised 
sport) provides the greatest contribution to children’s physical activity (42%), 
followed by playing sport (34%), walking/bike riding (15%) and other activities, 
predominantly chores (9%) (Active Healthy Kids Australia, 2014). 
In relation to the duration of time that Australian children spend in specific types 
of physical activities, parent-proxy report surveys show that children aged 5-17 
years spend 19 minutes per day in active travel, which predominantly consists of 
walking (Australian Bureau of Statistics, 2013). This duration increases cross-
sectionally from 13 minutes per day among 5-8 year olds to 18 minutes per day 
among 9-11 year olds, 20 minutes per day among 12-14 year olds and 24 minutes 
per day among 15-17 year olds (Australian Bureau of Statistics, 2013). Children 
(5-17 years) also participate in 56 minutes of organised and non-organised 
moderate- to vigorous-intensity physical activity per day. However, it is clear that 
older children participate in less total organised and non-organised physical 
activity than their younger counterparts. This is driven by the large age-related 
reduction in non-organised moderate- to vigorous-intensity physical activity from 
91 minutes per day among 5-8 year olds to 53 minutes per day among 9-11 year 
olds, 33 minutes per day among 12-14 year olds and 20 minutes per day among 
15-17 year olds (Australian Bureau of Statistics, 2013). 
International Active Healthy Kids report cards facilitate international 
comparisons. Achievement rates of 60 minutes per day of moderate- to vigorous-
intensity physical activity is poor among Canadian children (5-11 year olds: 7%, 
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and 12-17 year olds: 4%) (Active Healthy Kids Canada, 2014), higher among 
English children (7-8 year olds: 51%) (Active Healthy Kids England, 2014) and 
even higher among New Zealand children (10-14 year olds: 78%) (Healthy Active 
Kids New Zealand, 2014). Only 42% of 6-11 year olds from the United States of 
America performed at least 60 minutes of  moderate- to vigorous-intensity 
physical activity on at least five days per week (National Physical Activity Plan 
Alliance, 2014). 
Fifty-seven percent of English children (Active Healthy Kids England, 2014), 
60% of New Zealand children (Healthy Active Kids New Zealand, 2014) and 
75% percent of Canadian children (Active Healthy Kids Canada, 2014) 
participate in organised physical activities and sports. Interestingly, Canadian 
children show similar patterns to Australian children in that participation in 
organised physical activities and sports declines with age and this is particularly 
evident during the after-school period (Australian Bureau of Statistics, 2013), 
(Active Healthy Kids Canada, 2014). However, among New Zealand children, 
participation in organised sport increases with age during childhood (5-9 to 10-14 
years) and then declines during adolescence (15-19 years) (Healthy Active Kids 
New Zealand, 2014). These differences in participation rates may be due to 
cultural influences and different measures which make direct comparisons 
difficult.  
Canadian parents reported that 69% of 5-19 year olds participated in outdoor play 
(considered active play), however, data on duration is limited (Active Healthy 
Kids Canada, 2014). Duration data from New Zealand parallels Australian data 
showing age-related declines in active play from 140 minutes per day (5-9 year 
olds) to 87 minutes per day (10- 14 year olds) (Healthy Active Kids New Zealand, 
Chapter Two: Literature Review 
21
2014). This may also be due to cultural differences, however, different measures 
and terminology in survey items (e.g. replacing active play for younger children 
with organised sport for older children) may also impact the prevalence reported.
2.6.2 Prevalence of sedentary behaviour 
The 2011-12 Australian Health Survey found that fewer than a third of Australian 
children aged 5-17 years met the screen-based sedentary behaviour guideline of 
less than two hours every day and the proportion declines steeply with age (36% 
of 5-11 year olds down to 21% of 12-17 year olds) (Australian Bureau of 
Statistics, 2013). A higher proportion of girls than boys in both age groups met 
the recommendations (5-11 years: girls 40%, boys 31% and 12-17 years: girls 
27%, boys 16%). 
The proportion of Australian children watching any TV is fairly consistent among 
children aged 5-8 years, 9-11 years, 12-14 years  and 15-17 years(98%, 98%, 95% 
and 90% respectively) (Australian Bureau of Statistics, 2013). The duration of TV 
viewing averages 7.7 hours per week during the outside of school hours 
(Australian Bureau of Statistics, 2013). However, among the four age groups, 
there were large differences in the use of the internet for homework (10% of 5-8 
year olds used it compared to 27% of 9-11 year olds, 35% of 12-14 year olds and  
47% of 15-17 year olds) and non-homework/entertainment purposes (26% of 5-8 
year olds used it compared to 48% of 9-11 year olds, 64% of 12-14 year olds 
and84% of 15-17 year olds)  (Australian Bureau of Statistics, 2013). Further, non-
screen based sedentary behaviours are also performed outside of school hours. 
Over two-thirds of children 5-17 years read for pleasure (71.2%) and this is for an 
average of 3.3 hours per week (Australian Bureau of Statistics, 2013). Eighty-two 
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percent of children 5-17 years complete homework or other study and on average, 
this occurs for 3.5 hours per week (Australian Bureau of Statistics, 2013). 
Internationally, 69% of Canadian children (aged 5-11 years) (Active Healthy Kids 
Canada, 2014) and 60% of New Zealand children (5-9 years) (Healthy Active 
Kids New Zealand, 2014) meet the sedentary behaviour guidelines with 
compliance rates declining with age (Healthy Active Kids New Zealand, 2014; 
Active Healthy Kids Canada, 2014). This is also evident among children from the 
United States with 59% of 6-8year old children spending less than two hours per 
day in screen-based sedentary behaviours and this declines to 48% among 9-11 
year olds (National Physical Activity Plan Alliance, 2014). 
In summary, children in Australia and many developed countries perform a 
variety of physical activities, screen- and non-screen based sedentary behaviours. 
However, few are meeting the physical activity and sedentary behaviour 
guidelines (Australian Bureau of Statistics, 2013). Many of the behaviours 
children participate in, such as sport club participation, active transport and TV 
viewing, are likely to be performed outside of school hours, particularly during 
the after-school period. Yet to date, the majority of interventions targeting these 
behaviours have been implemented within the school setting (Van Kann et al., 
2015; Hayes and Van Camp, 2015; Kipping et al., 2014; Goh et al., 2014; 
Dobbins et al., 2009; Kriemler et al., 2011). The after-school period, often termed 
the ‘critical window’, may present an important and unique opportunity for 
intervention.  
2.7 The after-school period for children’s physical activity and sedentary 
behaviour 
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With the majority of interventions targeting increases in children’s physical 
activity during school hours (Van Kann et al., 2015; Hayes and Van Camp, 2015; 
Kipping et al., 2014; Goh et al., 2014; Dobbins et al., 2009; Kriemler et al., 2011), 
the after-school period is a surprisingly under-studied period of the day that could 
provide a key target for intervention. This is especially the case given children are 
not restricted by school timetabling during this time. After school, children are 
often presented with opportunities to engage in both active and sedentary 
pastimes (Australian Bureau of Statistics, 2012) and by 10 years of age, are 
developing autonomy over their active or sedentary choices (Norman et al., 
2005).  
To be able to synthesise this literature, a consistent definition of the after-school 
period is required. Studies have examined physical activity and sedentary 
behaviours during a variety of periods including 2pm-midnight (Nilsson et al., 
2009b), 3-5pm (Fairclough et al., 2007), 3-6pm (McGall et al., 2011; Wickel et 
al., 2013) 3-7.30pm (Dengel et al., 2009), 3-11.30pm (Dzewaltowski et al., 2008), 
3.30-8.30pm (Cooper et al., 2010), 4-6pm (Hesketh et al., 2008), 1.05pm until 
bedtime (Loucaides et al., 2009), three hours immediately after school (Ramirez-
Rico et al., 2014), and from the school bell until bedtime (Rushovich et al., 2006). 
This creates challenges when aiming to draw comparisons between studies as, for 
example, the influences on a child’s behaviour when dismissed from school at 
3.30pm may differ from the factors influencing behavioural choice at 6.30pm. 
Further research on a consistent definition of the after-school period is needed.  
To determine the potential of this period for intervention, it is important to first 
establish how active and sedentary children are after school, and then determine 
whether these levels of engagement make a substantial contribution to meeting 
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public health guidelines. Following this, an understanding of the correlates of 
children’s after-school physical activity and sedentary behaviour is required. As 
the correlates of children’s after school physical activity and sedentary behaviour 
are likely to differ to the correlates of these behaviours performed during school 
hours, it is important to identify factors specific to the after-school period. This 
will provide valuable information for the development of interventions targeting 
the after-school period. The remainder of this literature review will synthesise the 
evidence in relation to the prevalence of children’s physical activity and sedentary 
behaviour after school and the correlates of these behaviours during this period. 
The abstracts from two systematic reviews (one published in BMC Public Health 
and the other under review in the International Journal of Nutrition and Physical 
Activity) written as part of this PhD are included in section 2.9 and section 2.13 
and appended in full to the end of this literature review. 
2.8 Prevalence of children’s physical activity during the after school period 
Although, the definition of after-school period varies considerably between 
studies, the literature to date provides an overview of the physical activity levels 
of children and adolescents during this important period. Data from the Australian 
2007 National Children’s Nutrition and Physical Activity Survey shows that 
Australian children (n=794, 10-13.9 years) perform on average 20.9 minutes of 
moderate- to vigorous-intensity physical activity during the 90 minutes directly 
after school (Stanley et al., 2011). Internationally, a small study of English 
children (n=58, 7-11 years) measured physical activity levels during two after-
school periods (3-5pm and 5-7pm) via four-day accelerometry. Boys and girls 
spent more time in moderate- to vigorous-intensity physical activity during the 
Chapter Two: Literature Review 
 
 
25 
post-school period (3-5pm: 13.2 and 10.6 mins respectively) compared with the 
early evening period (5-7pm: 8.8 and 7.9 mins respectively) (Fairclough et al., 
2007). Using a self-report four-day time use diary, adolescents from the UK 
(n=1484, aged 15 years) reported their after school activities between 3.30-
6.30pm at 15-minute intervals (Atkin et al., 2008). Boys and girls participated in 
21 and 19 minutes of physical activity respectively after school (Atkin et al., 
2008). 
Nilsson and colleagues (Nilsson et al., 2009b) used an after-school period of 2pm 
or 3pm to midnight when examining accelerometer data from the European Youth 
Heart Study (EYHS). Nine-year old boys and girls from Denmark, Portugal, 
Estonia and Norway performed between 34-52 minutes and 24-39 minutes of 
moderate- to vigorous-intensity physical activity respectively during this period 
(Nilsson et al., 2009b). Among 15-year olds, the participation levels were lower 
with boys performing 18-45 minutes and girls performing 20-31 minutes per day 
(Nilsson et al., 2009b). Decelis and colleagues (Decelis et al., 2014) used 2pm to 
6.59pm as their after-school period and found that Maltese boys and girls (10-11 
years) performed moderate- to vigorous-intensity physical activity for 24.3 and 
17.2 minutes of the period respectively. 
The after-school period used by Nilsson and colleagues (Nilsson et al., 2009b) 
was approximately twice the length of the period used by Decelis and colleagues 
(Decelis et al., 2014), four times the length of the period used by Atkin and 
colleagues (Atkin et al., 2008), five times the length of the period used by 
Fairclough and colleagues (Fairclough et al., 2007) and six times the length of 
Stanley and colleagues (Stanley et al., 2011). Therefore, direct comparisons are 
difficult as behaviours performed at 6pm are likely to differ from behaviours 
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performed at 9pm. However, evidence suggests that the after-school period 
provides opportunities for physical activity among youth and subsequently, it 
holds potential for intervention implementation. As children’s overall physical 
activity levels change over time (Australian Bureau of Statistics, 2013), children’s 
after-school physical activity levels are also likely to change. However, to date 
little is known about the longitudinal changes of children’s after-school physical 
activity.  
The after-school period also provides opportunities for children to perform 
sedentary behaviours. The following section contains a systematic review of the 
prevalence of child and adolescent sedentary behaviour during the after-school 
period which is currently under review in the International Journal of Behavioral 
Nutrition and Physical Activity. 
2.9 Prevalence of children’s sedentary behaviour during the after-school 
period (Paper One)
This section of the literature review is a systematic review titled A systematic 
review of the prevalence of sedentary behavior during the after-school period 
among children aged 5-18 years. It is currently under review (first revision 
completed) in the International Journal of Behavioral Nutrition and Physical 
Activity and presented as an Appendix at the end of this literature review. The 
abstract presented below provides a summary of the findings. 
Background: Independent of physical activity levels, youth sedentary behaviors 
(SB) have negative health outcomes. SB prevalence estimates during 
discretionary periods of the day (e.g. after-school), inform the need for targeted 
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period-specific interventions. This systematic review aimed to determine 
children’s and adolescents’ SB prevalence during the after-school period. 
Methods: A computerized search was conducted in October 2015 (analysed 
November 2015). Inclusion criteria were: published in a peer-reviewed English 
journal; participants aged 5-18 years; measured overall after-school sedentary 
time (ST) objectively, and/or specific after-school SBs (e.g. TV viewing) 
objectively or subjectively; and provided the percentage of the after-school period 
spent in ST/SB or duration of behavior and period to calculate this. Where 
possible, findings were analyzed by location (e.g. after-school care/‘other’ 
locations). The PRISMA guidelines were followed. 
Results: Twenty-nine studies were included: 24 included children (≤12years), 
four assessed adolescents (>12years) and one included both; 20 assessed ST and 
nine assessed SB. On average, children spent 41% and 51% of the after-school 
period in ST when at after-school care and other locations respectively. 
Adolescents spent 57% of the after-school period in ST. SBs that children and 
adolescents perform include: TV viewing (20% of the period), non-screen based 
SB (including homework; 20%), screen-based SB (including TV viewing; 18%), 
homework/academics (13%), motorised transport (12%), social SB (9%), and 
screen-based SB (excluding TV viewing; 6%).  
Conclusion: Children spent up to half of the after-school period in ST and this is 
higher among adolescents. A variety of screen- and non-screen based SBs are 
performed after school, providing key targets for interventions.  
2.10 Contribution of the after-school period to children’s daily physical 
activity and sedentary behaviour 
Chapter Two: Literature Review 
28
Recognising the suboptimal physical activity levels among children (Australian 
Bureau of Statistics, 2013; Active Healthy Kids Canada, 2014; Healthy Active 
Kids New Zealand, 2014; Active Healthy Kids England, 2014), the after-school 
period may provide a valuable contribution to children’s daily physical activity 
levels. Evidence among Australian children is limited, while international studies 
suggests that children perform 46% of their daily physical activity levels 
(accelerometry measured) between 3pm-9pm (Hager, 2006) and take over half of
their daily pedometer steps after school (Flohr et al., 2006). Four-day activity log 
data (completed at 15-minute intervals) from UK adolescents (n=1484, aged 15 
years) showed that boys and girls performed 41% and 44% of their non-school 
based physical activity respectively between 3.30pm-6.30pm (Atkin et al., 2008).
There is less evidence relating to the contribution of the after-school period to 
overall sedentary behaviours. However, it has been shown in an American sample 
(n=80, 9-12 years) that boys and girls watched 72% and 66% respectively of their 
daily TV between 3-9pm (Hager, 2006).  
Overall very few studies have examined the contribution of the after-school 
period to daily physical activity and sedentary behaviour levels and the majority 
of these are cross-sectional and the literature regarding longitudinal behaviors is 
limited. Additional research to determine the contribution of the after-school 
period to overall physical activity and sedentary behaviour, particularly among 
Australian samples is warranted. However, as with determining prevalence rates, 
an accurate and consistent definition of the after-school period is required.
To develop effective interventions that target increases in physical activity and 
reductions in sedentary behaviours during the after-school period, a better 
understanding of the correlates of these behaviours is required. Theoretical 
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models of behaviour may assist in understanding the potential correlates of 
children’s activity choices during the after-school period and how they may be 
maintained.   
2.11 Theories and correlates of children’s behaviour  
Section 2.6 of this thesis identified that many children fail to meet the physical 
activity and sedentary behaviour guidelines, and sections 2.8 and 2.9 highlighted 
that there is an opportunity to target increases in children’s physical activity and 
reductions in their sedentary behaviours during the after-school period. 
Behavioural theories can help guide our understanding of the factors influencing 
behaviour and identify strategies for interventions. Numerous theoretical models 
have been developed, adapted and used to facilitate the exploration of children’s 
physical activity and sedentary behaviour and identify the potential correlates of 
these behaviours (Glanz et al., 2002; Bandura, 1986; Stokols, 1996; Becker et al., 
1977; Prochaska and DiClemente, 1982; Ajzen and Driver, 1992). Health 
promotion programs and interventions with a theoretical foundation are more 
likely to produce successful outcomes (Salmon et al., 2007). The theoretical 
models frequently used in physical activity and sedentary behaviour epidemiology 
explore behaviour change through individual, social and physical environmental 
pathways. Commonly used theories targeting individual characteristics include 
the Health Belief Model, the Theory of Reasoned Action, the Transtheoretical 
Model of Behaviour Change and the Social Cognitive Theory.  
The Health Belief Model is generally applied to health outcomes, risks and 
benefits. It involves linear pathways to generate an individual’s perceived threat 
of the problem (i.e. their susceptibility to the problem combined with their 
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perceived seriousness of the problem), and their outcome expectations (i.e. 
perceived benefits and perceived barriers). The perceived threat and outcome 
expectations act directly on their self-efficacy or perceived ability to carry out the 
desired behaviour (i.e. increase physical activity or decrease sedentary behaviour) 
(Nutbeam and Harris, 2004). Given that children are not likely to be motivated to 
be active for health reasons, this model has limited application to youth 
populations. 
The Theory of Reasoned Action (TRA) posits that there are relationships between 
influences, intentions and behaviour and assumes a linear progression from these 
factors and relationships to behavioural change (Glanz et al., 2002).  The 
influences, which are based on individuals’ attitudes towards behaviour (i.e. 
behavioural beliefs and evaluation of behavioural outcomes) and subjective norms 
(i.e. normative beliefs and motivation to comply), determine behavioural intention 
which is considered the most direct determinant of behaviour (Glanz et al., 2002;
Nutbeam and Harris, 1998). The TRA considers only a limited number of social 
influences, potentially underestimating the social situation’s impact on behaviour 
(Glanz et al., 2002; Nutbeam and Harris, 1998). It has, however, been used 
prolifically in child and adolescent physical activity research (Trost et al., 2002b;
Saunders et al., 1997). 
The Transtheoretical Model of Behaviour Change is founded on the principle that 
at any time an individual is at one of five levels of motivation or readiness to 
change (i.e. precontemplation, contemplation, preparation, action, maintenance or
relapse) (Nutbeam and Harris, 2004). The circular model permits movement 
between the stages and allows for entry or exit at any stage (Nutbeam and Harris, 
2004). Public health programs must therefore develop intervention strategies for 
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individuals in each stage of change to either progress to the next stage (e.g. move 
from contemplation to preparation) or to remain in the stage (remain in 
maintenance). This model has been applied more sparingly in physical activity 
studies with children and youth, and has been found to be an inconclusive 
correlate in recent years (Bauman et al., 2012). 
Social cognitive theory (SCT) attempts to explain behaviour based on a process of 
reciprocal determinism of the behaviour itself, personal factors and the 
environment or situation in which the behaviour is performed (Bandura, 1986). 
The behaviour can be influenced by the individual’s cognitive factors including 
self-efficacy, outcome expectations and behavioural capability (Nutbeam and 
Harris, 2004; Bandura, 1986; Nutbeam and Harris, 1998). The environment can 
modify the behaviour through social influences (e.g. observational learning, 
reinforcement, participatory learning and role modelling) and structures within 
the environment (e.g. physical surroundings, access to and availability of 
facilities) (Nutbeam and Harris, 2004; Bandura, 1986; Nutbeam and Harris, 
1998). This theory has been applied frequently to studies that aim to understand 
and influence child and adolescent physical activity (Salmon et al., 2009).  
Theories targeting behaviour change through the individual do not incorporate the 
environment as an independent predictor of behaviour (Glanz et al., 2002;
Nutbeam and Harris, 1998) despite evidence that the physical environment is an 
important predictor (Sallis et al., 1997; Biddle et al., 2004; Veitch et al., 2005;
Burdette et al., 2004; Epstein and Roemmich, 2001; Norman et al., 2005). 
Although the social cognitive theory includes an environmental construct, the
theory posits that individuals interpret their environment which may result in 
diverse responses from different people, or from the same person at different
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times (Nutbeam and Harris, 2004; Bandura, 1986; Nutbeam and Harris, 1998). 
Behavioural changes beyond the individual level are therefore limited when using 
psychosocial theories. 
As a consequence of this limitation, and growing recognition of the importance of 
the role of environment in influencing behaviour, ecological models have been 
increasingly applied to health behaviour research. Such models propose that 
behaviour change is influenced by the social and physical environments in 
addition to intrapersonal attributes (Bronfenbrenner, 1989). Ecological models are 
comprised of three universal domains: intrapersonal (relating to the individual 
person), social (relating to the social environment) and physical [relating to the 
physical environment), each containing influences that differ according to the 
target behaviour and population (Bronfenbrenner, 1989; Stokols, 1996; Stokols et 
al., 1996). Ecological models enable the complex nature of one’s environment to 
be analysed, whereby actual and perceived characteristics are equally noted 
(Stokols, 1992). The influences in each domain of the ecological model may be 
drawn from other theories, for example self-efficacy from Bandura’s SCT 
(Bandura, 1986) and behavioural beliefs from the TRA (Glanz et al., 2002). 
Reviews have highlighted the effectiveness of ecological models to frame 
interventions among adolescents and the need to target all domains of the model
(Perry et al., 2012). Further, interventions targeting specific topics (e.g. physical 
activity) and implemented in specific settings (e.g. schools) have commonly used 
an ecological approach. (Golden and Earp, 2012) The use of an ecological 
framework would therefore enable the understudied correlates of children’s 
physical activity and sedentary behaviour during the after-school period to be 
explored and grouped according to their position within the ecological model.
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2.12 Correlates of children’s after-school physical activity 
The correlates of children’s (8-14 years) after-school physical activity have 
recently been evaluated in a review by Stanley and colleagues in 2012 (Stanley et 
al., 2012). This paragraph presents a brief summary of the findings of that review 
which examined literature published between 1990 and January 2011 (n=10 
papers included). All papers were cross-sectional, were predominantly among 
samples from the United States (n=7 studies) and assessed physical activity via 
objective measures (accelerometer n=5 studies), self-report survey (n=4 studies) 
or a combination of objective and self-report (n=1 study) (Stanley et al., 2012). 
The authors found being a boy and having access to physical activity facilities in
the neighbourhood such as playgrounds, dance studios etc. were positively 
associated with after-school physical activity. Age and TV viewing/playing video 
games were negatively associated with children’s after-school physical activity 
while peer support had an inconsistent association. There was a null association 
between ethnicity, family support, number of facilities (in the home or 
neighbourhood environment not specified), access to equipment (in the home or 
neighbourhood environment not specified) and neighbourhood safety and after-
school physical activity.  
Since this review was published, four additional papers have examined correlates 
of children’s after-school physical activity: two examining Australian samples 
(Stanley et al., 2014; Engelen et al., 2015), one from the United States (Chaoqun 
et al., 2012) and one from the United Kingdom (McMinn et al., 2013). The 
majority of the correlates identified within these papers are within the 
intrapersonal and social domains of the ecological framework. Self-efficacy was 
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found to be positively associated with children’s after-school physical activity 
(Chaoqun et al., 2012) while parental education was negatively associated 
(McMinn et al., 2013).  
Stanley and colleagues (Stanley et al., 2014) examined the correlates by sex and 
found more intrapersonal correlates were significantly related to after-school 
physical activity among boys than girls. Among boys (n=200, aged 11.7 years, 
47% of the sample in that study), positive associations with objectively measured 
after-school physical activity and behavioural attributes/beliefs, self-efficacy, 
perceived competence, perceived barriers, perceiving sufficient time to be active 
after school, social support, weather and access to facilities/equipment were 
observed (Stanley et al., 2014). Stanley and colleagues also examined associations 
between the reasons boys chose to be active after school and their after-school 
physical activity. Positive associations between after-school physical activity and 
their decision to perform an organised sport after school because they want to 
improve their skills, meet new people, they have no one to play with and are 
seeking social support were observed. The only reason positively associated with 
after-school physical activity among girls (n=223, aged 11.7 years, 53% of the 
sample in that study) was because it gets you fit (association also seen among 
boys) (Stanley et al., 2014). 
Aspects of the social environment were also associated with children’s after-
school physical activity levels. Children with social support (combined parental, 
peer and teacher support, and parental encouragement) (Chaoqun et al., 2012), 
family social support (McMinn et al., 2013) and those who are allowed to play 
anywhere in the neighbourhood (McMinn et al., 2013) are more active than peers 
without these factors. In contrast, children whose parents restrict walking/cycling 
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to a friend’s house and sedentary behaviours are less active after school (McMinn 
et al., 2013). The unexpected positive relationship between parent’s restriction of 
sedentary behaviours and their child being less active is likely due to the cross-
sectional nature of the data as causation cannot be established. For example, the 
child may have been less active and consequently the parent restricted their 
sedentary behaviour, however this cannot be determined from the available data. 
As these studies were among samples from the United States (Chaoqun et al., 
2012) and United Kingdom (McMinn et al., 2013), additional research examining 
the impact of the social environment on children’s after-school physical activity 
levels among Australian children is required.   
There is less evidence regarding the physical environment and children’s after-
school physical activity. However, Engelen’s 2015 study (Engelen et al., 2015) 
found that children are more active when outdoors after school compared to when 
they are inside. This study was among a small sample of young children (n=20 
children aged 5-7 years), highlighting the need for further research among larger 
samples including older children (e.g. 5-12 years). 
As after-school care is a frequently attended location during the after-school 
period (Mullan, 2012), an emerging literature has examined children’s behaviours 
at this location. It appears that the physical environment is particularly important 
when the correlates of children’s after-school physical activity performed while at 
after-school care are examined. Evidence shows that children are more active 
when after-school care active recreation sessions are conducted outside compared 
to inside, and for shorter duration (Rosenkranz et al., 2011a). Research has further 
explored the correlates of children’s structured and unstructured physical activity 
sessions while at after-school care (Rosenkranz et al., 2011b). Gender (being 
Chapter Two: Literature Review 
36
male), enjoyment of physical activity and self-efficacy for physical activity were 
positively associated with physical activity during structured physical activity 
sessions, whereas only gender (being male) was positively associated with 
physical activity during unstructured sessions (Rosenkranz et al., 2011b). The 
lack of correlates associated with physical activity during unstructured sessions 
may be due to the variety of physical activities performed during unstructured 
sessions, whereas children would have been performing similar behaviours during 
the structured sessions. 
Evidence of the correlates of children’s after-school physical activity is emerging, 
however additional studies examining correlates across the intrapersonal, social 
and physical environment domains among large Australian samples is required to 
inform intervention development. While there is a previous review of the 
correlates of children’s after-school physical activity (Stanley et al., 2012), there 
is no review of the correlates of children’s after-school sedentary behaviour. 
Given the health outcomes associated with sedentary time and sedentary 
behaviours and the prevalence rates of these during the after-school period, 
identifying of the correlates associated with these behaviours is warranted. 
2.13 Correlates of children’s after-school sedentary behaviour (Paper Two) 
This section of the literature review is a systematic review titled The correlates of 
after-school sedentary behavior among children aged 5-18 years: a systematic 
review published in BMC Public Health. The manuscript is appended to the end 
of this literature review and below is the abstract as a summary of the findings. 
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Background: Children and adolescents spend a large proportion of the after-
school period in sedentary behaviors (SB). Identifying context-specific correlates 
is important for informing strategies to reduce these behaviors. This paper 
systematically reviews the correlates of children’s and adolescents’ after-school 
SB. 
Methods: A computerized literature search was performed in October 2015 for 
peer-reviewed original research journal articles published in English before 
October 2015. Eligibility criteria included: 1) sample aged 5-18 years; 2) 
quantified the amount of SB or component of this that the children/adolescents 
were performing after school; 3) a measure of SB as the dependent outcome; and 
4) the association between potential correlates and after-school SB.
Results: Data were synthesized in October 2015. Thirty-one studies met the 
eligibility criteria: 22 studies among children (≤12 years), six among adolescents 
(>12 years), two had a combined sample of children and adolescents and one 
cohort followed children from childhood to adolescence. Findings were separated 
by after-school location i.e. after-school programs (n=4 studies) and unidentified 
locations (n=27). There was insufficient evidence to draw conclusions on all but 
two of the 58 potential correlates: sex and age. Among children at unidentified 
locations there was a null association between sex (male) and overall after-school 
SB, a null association between sex (male) and after-school TV viewing, a positive 
association between age and overall after-school SB and an inconsistent 
association between age and after-school TV viewing. No correlates of after-
school sedentary behaviour while at after-school programs were identified. 
Conclusions: Only two correlates have been investigated frequently enough to 
determine an overall association; neither correlate is modifiable. Due to the lack 
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of consistent investigation of potential correlates, further evidence is required to 
accurately identify potential intervention targets 
2.14 Summary of literature review 
In reviewing the literature, it is evident that despite public health 
recommendations, children in many developed countries perform suboptimal 
levels of physical activity and sedentary behaviour. These behaviours performed 
during childhood can result in immediate and future health implications; therefore 
intervention strategies must target increases in physical activity and reductions in 
sedentary behaviour from a young age. To increase the effectiveness, such 
strategies require an understanding of key periods throughout the day where 
children are able to engage in active and sedentary past times. The after-school 
period provides a potentially important opportunity for the promotion of 
children’s physical activity and a reduction in sedentary behaviours. However, a 
clear definition of the after school period is lacking and required for future 
studies. Little is known about the cross-sectional and longitudinal prevalence of
children’s after-school behaviours or the contribution the behaviours performed 
during the after-school period make to overall daily physical activity and 
sedentary behaviours levels.  
The ecological model provides a useful framework for understanding various 
levels of influence on children’s behaviours during the after-school period. 
However, few studies have examined the correlates of children’s physical activity 
and sedentary behaviour during the after-school period, particularly among large
Australian samples, and across all three domains of the ecological model 
(Bronfenbrenner, 1989). As the after-school period provides children with the 
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opportunity to be active and sedentary, a greater understanding of the influences 
on these behaviours is required for tailoring intervention strategies targeting the 
after-school period. 
2.15 Thesis aims 
The overall aim of this thesis is to examine children’s and adolescents’ 
participation in, and the correlates of, physical activity and sedentary behaviour 
performed during the after-school period. Specifically, the aims of each chapter 
are: 
Chapter 2: Review the current literature examining children’s physical activity 
and sedentary behaviour with a focus on the after-school period. This 
includes reviewing the prevalence of children’s and adolescents’ after-
school physical activity and sedentary behaviour; and reviewing the 
correlates of children’s and adolescents’ after-school physical activity 
and sedentary behaviour. 
Chapter 3: Provide an overview of the studies from which data are used in this 
thesis. This chapter explains the methodology of these studies and the 
candidate’s involvement in them. 
Chapter 4: Develop a standardised definition of the ‘after-school period’ for 
future research examining children’s physical activity and sedentary 
behaviour.
Chapter 5: Describe children’s after-school physical activity and sedentary 
behaviours cross-sectionally, establish the contribution this makes to 
daily participation in those behaviours and examine the association 
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between participation in after-school physical activity and sedentary 
behaviours and achieving the physical activity and sedentary behaviour 
guidelines.
Chapter 6: Examine the prevalence of children’s after-school behaviours 
longitudinally and the contribution this period makes to daily physical 
activity and sedentary behaviour levels over five-years.  
Chapter 7: Examine the intrapersonal, social and physical environment correlates 
of children’s after-school physical activity and sedentary behaviour 
using an ecological framework. 
Chapter 8: Discuss and synthesise the findings from this thesis with consideration 
of previous literature and provide recommendations for future research. 
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Literature review Appendix One: Paper One: A systematic review of the 
prevalence of sedentary behavior during the after-school period among 
children aged 5-18 years. 
This appendix contains the full manuscript of the abstract contained in Section 
2.9. Below is a systematic review of children and adolescents’ after-school 
sedentary behaviour prevalence which is published in the International Journal of 
Behavioral Nutrition and Physical Activity (Impact Factor: 4.111) as: 
Arundell L, Fletcher E, Salmon J, Veitch J, Hinkley T. 2016 A systematic review 
of the prevalence of sedentary behavior during the after-school period among 
children aged 5-18 years. International Journal of Behavioral Nutrition and 
Physical Activity, 13(1): p. 1-9. 
The Authorship Statement for this manuscript is contained in Appendix 2.1
REVIEW Open Access
A systematic review of the prevalence of
sedentary behavior during the after-school
period among children aged 5-18 years
Lauren Arundell*, Elly Fletcher, Jo Salmon, Jenny Veitch and Trina Hinkley
Abstract
Background: Independent of physical activity levels, youth sedentary behaviors (SB) have negative health
outcomes. SB prevalence estimates during discretionary periods of the day (e.g., after-school), inform the need for
targeted period-specific interventions. This systematic review aimed to determine children’s and adolescents’ SB
prevalence during the after-school period.
Methods: A computerized search was conducted in October 2015 (analysed November 2015). Inclusion criteria
were: published in a peer-reviewed English journal; participants aged 5-18 years; measured overall after-school
sedentary time (ST) objectively, and/or specific after-school SBs (e.g., TV viewing) objectively or subjectively; and
provided the percentage of the after-school period spent in ST/SB or duration of behavior and period to calculate
this. Where possible, findings were analyzed by location (e.g., after-school care/‘other’ locations). The PRISMA
guidelines were followed.
Results: Twenty-nine studies were included: 24 included children (≤12 years), four assessed adolescents (>12 years) and
one included both; 20 assessed ST and nine assessed SB. On average, children spent 41 % and 51 % of the after-school
period in ST when at after-school care and other locations respectively. Adolescents spent 57 % of the after-school period
in ST. SBs that children and adolescents perform include: TV viewing (20 % of the period), non-screen based SB (including
homework; 20 %), screen-based SB (including TV viewing; 18 %), homework/academics (13 %), motorised transport (12 %),
social SB (9 %), and screen-based SB (excluding TV viewing; 6 %).
Conclusion: Children spent up to half of the after-school period in ST and this is higher among adolescents. A variety of
screen- and non-screen based SBs are performed after school, providing key targets for interventions.
Trial registration: PROSPERO registration number CRD42015010437
Keywords: Children, Adolescents, Sedentary behavior, After-school hours, Prevalence
Abbreviations: METS, Metabolic equivalents; Cpm, Counts per minute; BEACHES, Behaviours of eating and activity for
child health; SOFIT, System for observing fitness instruction time
Background
Sedentary behaviors are typically performed in a sit-
ting/lying position and result in minimal energy ex-
penditure (≤1.5 metabolic equivalents [METS]) [1].
Evidence highlighting the negative health outcomes of
sedentary behavior during childhood independent of
physical activity levels is mounting [2]. For example,
extensive TV viewing is positively associated with
body composition and decreased academic achieve-
ment among children [2]. Many developed countries
have endorsed recommendations that either place a
limit on the time children should spend engaged in
specific sedentary behaviors (e.g., Australia and
Canada recommend less than 2 h of screen time per
day [3, 4]) or recommend minimising time spent sed-
entary (e.g., UK guidelines recommend minimising
the time spent sedentary for extended periods [5, 6]).
Despite these guidelines, the majority of children ex-
ceed sedentary behavior recommendations [7–10].
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One period of the day that has the potential to make a
substantial contribution to children’s daily sedentary be-
havior levels is the after-school period. During this
period, children may have more choice over the behav-
iors they perform compared to other times of the day,
such as during school hours. Further, children perform
the majority of their recreational sedentary behavior dur-
ing this period [11]. For example, children perform 84 %
of their daily screen-based sedentary behaviors and
accrue 80 % of the daily sedentary behavior guidelines
(no more than two hours per day in front of screens)
during the after-school period [11]. Although defined as
‘the end-of-school to 6 pm’ [12], many studies use a var-
iety of definitions of after-school [13–15] which makes
comparing the raw minutes engaged in sedentary behav-
ior after school difficult as longer periods provide a
greater opportunity to be sedentary. Therefore, identify-
ing the percentage of time that children and adolescents
engage in sedentary behavior after school is important
for informing whether this period represents a potential
intervention target.
Given public health guidelines focus on limiting
screen-based sedentary behaviors as well as total seden-
tary time, both the prevalence of engagement in specific
behaviors such as TV viewing and screen-time, as well
as the total time spent sedentary during this period
should be examined. This literature is yet to be synthe-
sized and reviewed systematically. Therefore, the aim of
this paper was to systematically review the percentage of
time children and adolescents spend during the after-
school period in 1) ‘sedentary time’ defined as overall
accumulated sedentary behavior measured objectively,
and 2) distinct ‘sedentary behaviors’ particularly those
pertinent to the guidelines (e.g., TV viewing), measured
objectively or subjectively
Methods
This review is registered with PROSPERO (registration
number: CRD42015010437).
Search procedure
A computerized search using the EBSCOhost search en-
gine was conducted for peer-reviewed original research
journal articles published in English before October
2015. The following databases were searched: Academic
Search Complete, CINAHL Complete, Education Re-
search Complete, MEDLINE, MEDLINE Complete,
PsycARTICLES, Psychology and Behavioral Sciences
Collection, PsycINFO and SPORTDiscus with Full Text.
The key words in the search were age (“school age” OR
youth OR young OR child* OR adolescen*), AND seden-
tary behavior (sedentar* OR television OR TV OR screen
OR “electronic games” OR inactiv*), AND after-school
period (after-school OR “after school” OR afternoon OR
evening OR “critical window” OR “critical hours”). Refer-
ence lists of retrieved articles were also examined for po-
tential papers. See Additional file 1: Table S1 for an
example search strategy.
Inclusion criteria
Studies were eligible for inclusion if they incorporated
children aged 5-18 years and used an objective meas-
ure to assess overall after-school ‘sedentary time’ and/
or used an objective or subjective measure to assess
one or more individual after-school ‘sedentary behav-
iors’ (e.g., TV viewing, computer use). In addition, be-
cause of study variability in the duration of the after-
school period, the percentage of the after-school
period spent in sedentary behavior or enough infor-
mation for this to be calculated also needed to be re-
ported. That is, the paper needed to report both the
duration of sedentary behavior and the length of the
after-school period whereby the proportion of the
after-school period spent sedentary could be calcu-
lated as follows: (duration of sedentary behavior/
length of after-school period)*100. Studies were in-
cluded if they examined behaviors in the afternoon
once school had finished, regardless of the period
start and finish times.
Exclusion criteria
Studies examining ‘outside of school’ sedentary be-
havior were excluded as this often included behav-
iors performed before school or on weekends.
Studies of special populations (e.g., overweight/obese
participants or children with a disability) were ex-
cluded to allow for generalizability to the broader
population. Papers examining subjective measures of
overall sedentary time (i.e., the total time children
were sedentary) were excluded due to the variability
in survey items and sedentary behaviors examined
between studies (for example, studies included a var-
iety of combinations of TV viewing, computer use,
DVD use, homework etc.). This variance in the com-
bination of individual behaviors as contributors to
overall sedentary time would have prevented accur-
ate comparisons with the objective measures of sed-
entary time or with other studies using a different
combination of subjectively measured sedentary be-
haviors to constitute overall sedentary time.
Eligibility was initially determined through a review
of the title and abstract by two authors (LA and EF,
inter-rater reliability of initial screening was deter-
mined by percent agreement and found to be 83 %
agreement). The full-text of eligible studies were then
located and reviewed.
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Data extraction and synthesis
Data for children (sample aged ≤12 years) and adoles-
cents (sample aged > 12-18 years) were analyzed separ-
ately. Results for boys and girls are reported separately
in this review if there were significant differences. All
sedentary behaviors (e.g., TV viewing, motorised trans-
port etc.) were examined to enable an exploration of the
time spent in each behavior during the after-school
period. The average proportion of the after-school
period spent in sedentary time and each sedentary be-
havior was then calculated. Where accelerometry was
used to assess overall sedentary time, results were sepa-
rated and examined according to the accelerometer cut
point used to provide a cut point-specific estimate of
sedentary time. This was calculated by summing the
proportion of the after-school period spent sedentary
from all studies that used the cut point and dividing this
by the number of those studies.
As the durations of the ‘after-school’ period varied
greatly between studies (see Additional file 2: Table S2),
comparisons were made via t-tests of the estimated per-
centage of sedentary time among studies using an after-
school period of ≤ 180 min and >180 min (based on the
definition of end-of-school bell time to 6 pm being
approximately 180 min). No differences were observed
(p = 0.143), therefore all studies were analysed together.
This also aligns with previous findings that compared
the percentage of time spent sedentary during three
after-school period lengths (end-of-school to 6 pm, end-
of-school to sunset and end-of-school to dinner time)
and found no differences [12].
The PRISMA guidelines [16] were followed in report-
ing this review with the exception of conducting a meth-
odological quality or risk of bias assessment. No
methodological quality or risk of bias assessment was
performed as the existing tools identified [17, 18] con-
tained components specific to intervention or longitu-
dinal studies. Therefore, those tools are not appropriate
for prevalence reviews as previously noted in a system-
atic review of the prevalence of young children’s
(<2 years) sedentary behavior [19]. Similarly, a previous
systematic review of children’s sedentary behavior preva-
lence [20] did not include assessment of risk of bias.
Results
Five-hundred and seventy papers were identified,
screened and assessed for their eligibility (Fig. 1) and 29
studies met the inclusion criteria. Of these, 20 assessed
overall after-school sedentary time and nine assessed
after-school sedentary behaviors. Among the studies
assessing overall sedentary time, 16 included children
(sample aged ≤12 years) [11–13, 21–33], three included
adolescents (sample >12-18 years) [34–36], and one in-
cluded both age groups [37]. Among the nine studies
assessing sedentary behaviors, eight included children
[38–45], and one included adolescents [46]. The eligible
papers were published between 1996 and October 2015
and were analysed in November 2015. Study samples
ranged from 20 to 2053 (mean 578) and over half of the
studies (n = 15) had a sample of fewer than 500 partici-
pants. Study characteristics can be found in Additional
file 2: Table S2.
Country of study
Thirteen of the included studies were from the United
States [22–24, 27, 29, 33, 35, 38, 39, 41, 42, 44, 45], with
Australia [11, 12, 25, 43], Canada [30, 31] and the
United Kingdom [13, 21, 28, 32, 37, 46] also having mul-
tiple studies. One study was identified from each of New
Zealand [26], Ireland [34] and Portugal [36] and one
study had a combined sample from Bulgaria, Taiwan and
the United States [40].
Child’s after school location
Among the 20 studies assessing after-school sedentary
time, three assessed behavior while the children were at
after-school care [22, 23, 29]. No studies examined ado-
lescents’ behaviors while at after-school care. The
remaining 17 studies either did not report where the
children were after school or noted that they were at a
variety of places. These studies were grouped together as
at ‘other locations’ [11–13, 21, 24–28, 30–37]. No stud-
ies investigating sedentary behaviors assessed behaviors
when children were at after-school care, therefore all
were considered ‘other locations’ (n = 9) [26, 38–46].
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After-school sedentary time
Measurement tools
The majority of studies measured sedentary time using the
ActiGraph accelerometer (n = 15); however, a variety of cut
points were used to indicate sedentary time including <50
counts per minute (cpm) [36], <100 cpm [11–13, 23, 26,
28, 29, 32, 33, 37], < 300 cpm [30, 31], < 800 cpm [35], and
<1.5METS [24]. Of the remaining five studies, one used the
Actical accelerometer with a sedentary cut point of
<100 cpm [25], two used direct observation (modified ver-
sion of BEACHES [Behaviours of Eating and Activity for
Child Health] [27], and SOFIT [System for Observing Fit-
ness Instruction Time] [22]), one used the RT3 tri-axial ac-
celerometer with a cutpoint of <288 cpm [21] and one used
the activPAL where sedentary was defined as sitting/lying
down [34].
Percentage of after-school sedentary time by sex
Figure 2 shows the percentage of time children and
adolescents spend sedentary during the after-school
period by location, measure and cut point. On aver-
age, children spent 49.5 % (range 16.1 - 88.9 %) and
adolescents spent 56.6 % (range 27.7 - 88.9 %) of the
after-school period sedentary.
Percentage of after-school sedentary time by location
As shown in Fig. 2, results varied depending on the child’s
location. Children attending after-school care spent on
average 41.1 % (range 16.1-56.1 %) [22, 23, 29, 33], and
children at other locations spent on average 50.6 % (range
27.8 %-73.5 %) [11–13, 21, 24–28, 30–33, 37] of the after-
school period sedentary.
Percentage of after-school sedentary time by cut point
Results also varied when different cut points were
used. Findings from accelerometer studies that exam-
ined sedentary time using 100 cpm showed that chil-
dren spent on average 42.3 % of the after-school
period sedentary [11–13, 23, 25, 26, 28, 29, 32, 33,
37], whereas the average time children spent seden-
tary after school when using <300 cpm as the cut
point [30, 31] was 71.2 % of the period. Among ado-
lescents, the studies that used <50 cpm [36] showed
that on average adolescents spent 26.9 % of the
period sedentary and in comparison the studies that
used <800 cpm [35] showed adolescents spent on
average 82 % of the after-school period sedentary.
After-school sedentary behaviors
Measurement tools
A variety of subjective measurement tools were used to
assess a range of after-school sedentary behaviors. Five
studies assessed after-school TV viewing [38, 40, 43, 45,
46]. Seven studies reported screen-based sedentary be-
haviors and these were separated into two groups de-
pending on whether or not their measure included TV
viewing: four studies measured screen-based sedentary
behaviors including TV viewing [39, 41, 42, 44] and
three studies measured screen-based sedentary behaviors
excluding TV viewing [40, 43, 46]. One study measured
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social sedentary behaviors [46], three measured home-
work/academics [43, 45, 46], three measured non-screen
based sedentary behavior including homework/aca-
demics [41, 42, 44], one measured non-screen based sed-
entary behavior excuding homework/academics [43],
and two measured motorised transport. [43, 46] The ma-
jority of studies used child self-report surveys asking
children to report their after-school “free time” behav-
iors; [46] or previous day recall in 30-min blocks [41],
one-hour blocks [40], in child-specific blocks (e.g., be-
fore/after child specified meal/snack) [43], or in 15 min
intervals (via telephone interview) [42, 44, 45]. One
study used parental proxy-report of behaviors in 15-min
intervals [39] and another used observation to capture
the time children spent watching TV [38].
Percentage of time spent in specific after-school sedentary
behaviors
Figure 3 shows the percentage of the after-school period
spent in specific sedentary behaviors. As only one study
reported adolescents’ after-school sedentary behaviors
[46], these findings are presented alongside the children’s
after-school sedentary behavior studies [38–45]. Seven
findings from five studies [38, 40, 43, 45, 46] reported
the percentage of the after-school period spent watching
TV. TV viewing averaged 20.4 % (range 12.6 - 31 %) of
the after-school period which was the highest percentage
for any sedentary behavior (Fig. 3). The second largest
percentage of the after-school period was spent perform-
ing non-screen based sedentary behaviors including
homework (mean 20.3 %, range 10 - 29.2 %) [41, 42, 44].
This was followed by screen-based sedentary behaviors
(including TV viewing;18.2 %, range 8.5 - 25.3 %) [39,
41, 42, 44], homework/academics (12.9 %, range 6 -
15.5 %) [43, 45, 46], motorised transport (12.1 %, range
9.4 - 16.6 %) [43, 46], social sedentary behaviors (adoles-
cent boys 7.9 %, girls 10.1 %) [46], screen-based seden-
tary behaviors (excluding TV viewing; 5.5 %, range 1.4 -
8.3 %) [40, 43, 46], and non-screen based sedentary be-
haviors excluding homework/academics, such as reading,
sitting quietly, writing, playing cards/puzzles/board
games (3.7 %) [43].
Discussion
This systematic review examined the prevalence of chil-
dren’s and adolescents’ sedentary time and sedentary be-
haviors during the after-school period. The findings
highlight that children spent between 41-51 % of the
after-school period sedentary and that adolescents are
more sedentary than children (57 %). TV viewing and
other screen-based behaviors make up just 26 % or less
of this period. Other non-screen based sedentary behav-
iors (e.g., social sedentary behaviors, motorized trans-
port, homework, and reading) comprise 54 % of the
after-school period; however, it is possible several of
these behaviors occur concurrently [47, 48]. The per-
centage of time spent sedentary after school is greater
than other periods of the day, such as recess and lunch-
time, where children also have discretion over their be-
havior choices. For example, children aged 5-6 years and
10-12 years spend approximately 15 % and 14 % of re-
cess sedentary respectively, and 22 % and 21 % of lunch-
time sedentary respectively [49]. Further, recess and
lunchtime contribute 1.8 % and 6 % of children’s daily
%
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sedentary behavior time compared to the after-school
period which contributes 26 % of daily sedentary behav-
iors [21]. Subsequently, it would appear that the after-
school period is a key period that holds great potential
for interventions to target reductions in sedentary time.
Further, findings suggest that interventions may need to
target other specific behaviors, such as motorised trans-
port and social sedentary behaviors, in addition to
screen-based sedentary behaviors which have tradition-
ally been targeted for change.
This review also suggests that children spent less time
sedentary when in after-school care compared with
‘other locations’. This may be due to fewer sedentary
pastime options (such as TV viewing and computer use)
being available at after-school care. Further, after-school
care may have more active structured and unstructured
pastime options and facilities (e.g., active free play and
organised sporting activities that use the school oval and
sports equipment), and children may have more friends
to be active with at after-school care compared to other
locations. However, further research is needed to sup-
port this suggestion.
Findings from the included studies were highly vari-
able. Children at after-school care are sedentary for
16.1 % to 56.1 % of the after-school period, children at
other locations are sedentary for 27.8 % to 73.5 % of the
period and adolescents are sedentary for 27.7 % to
88.9 % of the period. The substantial variability in esti-
mates may be due to differences in sample sizes and ac-
celerometer cut points. Although cut points <100 cpm
may be capturing standing and light-intensity physical
activity and incorrectly categorizing this as sedentary
time, this threshold has been shown to most accurately
represent sitting time when compared to inclinometers
among 8-12 year-olds [50]. Based on findings using the
cut point of 100 cpm, children spent approximately
25 min per hour of the after-school period sedentary
and adolescents spent 42 min per hour of the after-
school period sedentary (although this was obtained
from only one study among adolescents). However, a
higher sedentary cut point can greatly elevate prevalence
rates. For instance, Reilly and colleagues [51] found a
321 min (5 h, 21 min) per day difference in sedentary
time depending on the cut point used. This is also evi-
dent in the current review, as the prevalence of adoles-
cents’ after-school sedentary time ranged from 27 %
when using <50 cpm to 82 % when using <800 cpm. It is
also important to note that there were large variations in
estimates within thresholds. For example among the
studies using 100 cpm, the percentage of time spent sed-
entary ranged from 16.1 % [29] to 56.1 % [32], highlight-
ing the variability within the literature. This also
highlights that there may be other important contextual
factors impacting after-school behavior such as location
(e.g., at home or after-school care) and who the children
are with (e.g., alone or with friends) which require fur-
ther investigation. Future research should also examine
the intrapersonal, social and physical environment corre-
lates which may further explain the variance in after-
school sedentary behaviors. Such investigation would en-
able identification of the characteristics of children and
adolescents who display high levels of sedentary time
and behaviors which can subsequently be used as inter-
vention targets. Other factors, such as sample size and
characteristics, may also explain part of the variance in
prevalence rates.
The most frequently measured after-school sedentary
behavior was TV viewing, with children and adolescents
spending approximately one fifth of the after-school
period watching TV. The percentage of the after-school
period spent watching TV by children and adolescents
was similar (children: 21 % and adolescents 19 %) sug-
gesting the age-related increases in after-school seden-
tary time observed in this review and previously
observed [11] may be due to increases in participation in
other sedentary behaviors (e.g., computer use or home-
work) [52]. However, it is hard to draw conclusions as
only one study examined adolescents’ sedentary behav-
iors. Further, the prevalence of after-school screen-based
sedentary behaviors was more than three times higher
when it included TV viewing compared to when the
screen-based sedentary behavior measure did not in-
clude TV. This suggests that TV viewing is the main
screen-based sedentary behavior after school and a po-
tentially important intervention target if targeting
screen-based sedentary behaviors.
The prevalence of screen-based sedentary behaviors
that included TV viewing was lower than the prevalence
reported by studies that just reported TV viewing. This
may be due to the differences between measures used as
differences in recall period and question response format
(e.g., behaviors during previous day, previous week etc.)
and the mode of administration (e.g., phone interview or
written survey) may impact on the sedentary behaviors
reported [53]. The studies examining screen-based sed-
entary behavior including TV viewing requested partici-
pants to report their present or previous day behaviors
[39, 41, 42, 44] and asked for the main behavior being
performed which does not allow for reporting of concur-
rent sedentary behaviors. In contrast, the studies exam-
ining TV viewing used a variety of recall periods from
the present day [45] to recall of behaviors on three days
[40]. There may be differences in daily TV viewing be-
haviors that are not able to be captured via a one day re-
call. Alternatively, higher prevalence rates may be due to
TV viewing alone being an easier behavior to recall or
participants may think broadly about all screens when
asked about TV viewing without realising, whereas they
Arundell et al. International Journal of Behavioral Nutrition and Physical Activity  (2016) 13:93 Page 6 of 9
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may be more discriminatory when asked about individ-
ual screen use. Further, participants may have been per-
forming sedentary behaviors concurrently, however this
was not assessed. Additional exploration using consist-
ent measures would facilitate direct comparisons.
It is also important to note that approximately one-
fifth of the after-school period was spent in non-screen
based sedentary behaviors. Although only measured in
three studies, it is possible that most of the non-screen
based sedentary behaviors were homework or academic
pursuits as when the measure did not include these be-
haviors, the prevalence was much lower (3.6 %). The
similar percentage of time spent watching TV and in
non-screen based sedentary behaviors suggests there
may be opportunities for interventions to target seden-
tary behaviors other than TV viewing (e.g., through
standing homework tasks [54]).
Limitations of the current literature
The objectively-measured sedentary time findings should
be interpreted with some caution as there were numer-
ous cut points used to represent sedentary time which
may influence estimations of sedentary time. Also, while
few studies reported children’s behaviours while at after-
school care, the majority of studies did not report where
the children or adolescents were after school resulting in
these studies being combined into ‘other locations’. The
‘other locations’ could include for example, a child/ado-
lescent’s home, a friend’s or relative’s home, or the local
neighbourhood and there may be important differences
in sedentary time/sedentary behaviors when children
and adolescents are at such locations. However, this can-
not be determined from the data available. Additional
studies taking into account the child’s/adolescent’s actual
location after school are important for informing the de-
velopment of interventions targeting those settings
where children are most likely to be sedentary during
the after-school period. The variability of subjective
measures of sedentary behaviors also limited the ability
to directly compare findings. The use of uniform survey
items in future studies would assist in gaining a greater
understanding of the sedentary behaviors that children
and adolescents perform after school. The varying period
lengths makes direct comparisons of raw minutes of sed-
entary behavior after school difficult. While the use of
proportion of time overcomes this, the use of the stan-
dardised definition of the after-school period (end-of-
school to 6 pm [12]) would further facilitate the direct
comparison of future studies examining after-school be-
haviors. As there were no studies that examined the in-
dividual sedentary behaviors children perform during
after-school care and only one that examined the indi-
vidual sedentary behaviors among adolescents, the evi-
dence in these areas is limited. Sedentary behaviors
performed during after-school care (e.g., seated crafts,
board games) may differ to those at ‘other’ locations;
therefore, this information may assist the development
of interventions targeting the after-school care setting.
Lastly, a limitation is that any bias due to study method-
ology quality within the current review is unknown as
no methodological quality or risk of bias assessment was
performed; therefore, higher quality studies may show a
higher or lower prevalence rate than studies of poor
quality. More appropriate measures of study quality for
literature reviews of prevalence studies are needed to
provide estimates based on the highest quality evidence.
Conclusion
Children and adolescents spent almost half of the after-
school period sedentary with adolescents spending a
greater percentage of the period sedentary than children.
Few studies measured behaviors performed while at
after-school care; however, the limited evidence suggests
that children spent less time sedentary at after-school
care than at ‘other’ locations. Children and adolescents
spent the greatest percentage of the after-school period
watching TV and engaged in non-screen based sedentary
behaviors; however, additional research is needed that
measures other sedentary behaviors (e.g., mobile phone
and digital tablet use, etc.), that uses standardized survey
items to enable study comparisons, and that includes the
adolescent population. This review highlights children’s
and adolescents’ sedentary behaviors that can be targeted
for reduction though interventions in the after-school
period.
Additional files
Additional file 1: Table S1. Search strategy. Example of search strategy.
(DOCX 15 kb)
Additional file 2: Table S2. Study characteristics. Details of the
characteristics of the studies included in this review. (DOCX 23 kb)
Acknowledgements
Not applicable.
Funding
LA is supported by a National Health and Medical Research Council (NHMRC)
PhD Scholarship (APP1074484).
EF is supported by a National Health and Medical Research Council (NHMRC)
Centre of Research Excellence Grant (APP10576080)
JS is supported by a National Health and Medical Research Council (NHMRC)
Principal Research Fellowship (APP1026216).
JV is supported by a National Health and Medical Research Council (NHMRC)
Early Career Research Fellowship (APP1053426).
TH is supported by a National Health and Medical Research Council
(NHMRC) Early Career Fellowship (APP1070571).
National Health and Medical Research Council (NHMRC) had no part in study
development, design or analysis.
Availability of data and materials
The dataset supporting the conclusions of this article is included within the
article (and its Additional files 1 and 2).
Arundell et al. International Journal of Behavioral Nutrition and Physical Activity  (2016) 13:93 Page 7 of 9
48
Authors’ contribution
LA, EF, JS, JV and TH were involved in the conception and design of the
paper. LA and EF were involved in the data collection and synthesis. All
authors contributed to the writing of the paper, read and approved the final
manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Not applicable.
Received: 2 March 2016 Accepted: 3 August 2016
References
1. Sedentary Behaviour Research N. Letter to the editor: standardized use of
the terms "sedentary" and "sedentary behaviours". Appl Physiol Nutr Metab.
2012;37(3):540–2. doi:10.1139/h2012-024.
2. Tremblay M, et al. Systematic review of sedentary behaviour and health
indicators in school-aged children and youth. Int J Behav Nutr Phys Act.
2011;8(1):98. doi:10.1186/1479-5868-8-98.
3. Australian Government Department of Health. Australia’s Physical Activity &
Sedentary Behaviour Guidelines for Children (5-12 years) 2014. Available
from: http://www.health.gov.au/internet/main/publishing.nsf/content/
health-pubhlth-strateg-phys-act-guidelines#apa512. Accessed 11 Nov 2015.
4. Tremblay M, et al. Canadian sedentary behaviour guidelines for children
and youth. Appl Physiol Nutr Metab. 2011;36(1):59–64.
5. Department of Health. Physical Activity Guidelines for Children and Young
People (5-18 years). 2011.
6. Department of Health (Scotland). Physical activity guidelines for children
and young people (5-18 years). Scotland: Department of Health; 2011.
7. The NHS Information Centre. Statistics on obesity, physical activity and diet:
England, February 2009. England: The NHS Information Centre for health and
social care Part of the Government Statistical Service; 2009.
8. Troiano RP, et al. Physical activity in the United States measured by
accelerometer. Med Sci Sports Exerc. 2008;40(1):181–8. doi:10.1249/mss.
0b013e31815a51b3.
9. Active Healthy Kids Canada. Healthy Habits Start Earlier Than You Think. In:
The Active Healthy Kids Canada Report Card on Physical Activity for
Children and Youth. Toronto: Active Healthy Kids Canada; 2010.
10. Australian Bureau of Statistics. Australian Health Survey: Physical Activity,
2011-12. cat no. 4364.0.55.004. Canberra: Commonwealth of Australia; 2013.
11. Arundell L, et al. 5-year changes in afterschool physical activity and
sedentary behavior. Am J Prev Med. 2013;44(6):605–11. doi:10.1016/j.
amepre.2013.01.029.
12. Arundell L, et al. Standardising the 'after-school' period for children's
physical activity and sedentary behaviour. Health Promot J Austr. 2013;24(1):
65–7. doi:10.1071/HE12910.
13. Atkin AJ, et al. Determinants of change in children’s sedentary time. PLoS
One. 2013;8(6):1–9. doi:10.1371/journal.pone.0067627.
14. Pratt C, et al. Sedentary activity and body composition of middle school girls:
the trial of activity for adolescent girls. Res Q Exerc Sport. 2008;79(4):458–67.
15. Biddle SJH, et al. Temporal and environmental patterns of sedentary and
active behaviors during adolescents' leisure time. Int J Behav Med. 2009;
16(3):278–86. doi:10.1007/s12529-008-9028-y.
16. Cain KL, et al. Physical activity in youth dance classes. Pediatrics. 2015;135(6):
1066–73. doi:10.1542/peds.2014-2415.
17. National Collaborating Centre for Methods and Tools. Quality Assessment
Tool for Quantitative Studies. Hamilton: McMaster University; 2008. Updated
13 April, 2010.
18. Tooth L, et al. Quality of reporting of observational longitudinal research.
Am J Epidemiol. 2005;161(3):280–8. doi:10.1093/aje/kwi042.
19. Downing KL, et al. Prevalence of sedentary behavior in children under 2years:
A systematic review. Prev Med. 2015:105. doi:10.1016/j.ypmed.2015.07.019.
20. Hnatiuk JA, et al. A review of preschool children's physical activity and
sedentary time using objective measures. Am J Prev Med. 2014;47(4):487–97.
doi:10.1016/j.amepre.2014.05.042.
21. Bailey D, et al. Accelerometry-assessed sedentary behaviour and physical
activity levels during the segmented school day in 10-14-year-old children:
the HAPPY study. Eur J Pediatr. 2012;171(12):1805–13. doi:10.1007/s00431-
012-1827-0.
22. Battista J, et al. Elementary after school programs: an opportunity to promote
physical activity for children. Calif J Health Promot. 2005;3(4):108–18.
23. Beets MW, et al. Impact of policy environment characteristics on physical
activity and sedentary behaviors of children attending afterschool programs.
Health Educ Behav. 2013;40(3):296–304. doi:10.1177/1090198112459051.
24. Fuemmeler BF, et al. Parent-child relationship of directly measured physical
activity. Int J Behav Nutr Phys Act. 2011;8(1):17–25. doi:10.1186/1479-5868-8-17.
25. Lau J, et al. Parents’ perceptions of children’s physical activity compared on
two electronic diaries. Pediatr Exerc Sci. 2013;25(1):124–37.
26. McGall SE. Contribution of free play towards physical activity guidelines for
New Zealand primary school children aged 7–9 years. Br J Sports Med.
2011;45(2):120–4.
27. McKenzie TL, et al. Environmental correlates of physical activity in mexican
american children at home. J Phys Act Health. 2008;5(4):579–91.
28. Pulsford RM, et al. Socioeconomic position and childhood sedentary time:
evidence from the PEACH project. Int J Behav Nutr Phys Act. 2013;10(1):
105–13.
29. Rosenkranz RR, et al. Environmental correlates of objectively measured
physical activity and sedentary behavior in after-school recreation sessions. J
Phys Act Health. 2011;8:S214–S21.
30. Stone MR, Faulkner GEJ. Outdoor play in children: associations with
objectively-measured physical activity, sedentary behavior and weight
status. Prev Med. 2014;65:122–7. doi:10.1016/j.ypmed.2014.05.008.
31. Stone MR, et al. The freedom to explore: examining the influence of
independent mobility on weekday, weekend and after-school physical
activity behaviour in children living in urban and inner-suburban
neighbourhoods of varying socioeconomic status. Int J Behav Nutr Phys
Act. 2014;11(1):1–20. doi:10.1186/1479-5868-11-5.
32. Vissers PAJ, et al. Breakfast consumption and daily physical activity in 9–10-
year-old British children. Public Health Nutr. 2013;16(7):1281–90. doi:10.1017/
S1368980011002175.
33. Taverno Ross SE, et al. After-school setting, physical activity, and sedentary
behavior in 5th grade boys and girls. Health Place. 2012;18(5):951–5. doi:10.
1016/j.healthplace.2012.06.013.
34. Harrington DM, et al. Cross-sectional analysis of levels and patterns of
objectively measured sedentary time in adolescent females. Int J Behav Nutr
Phys Act. 2011; 8. doi:10.1186/1479-5868-8-120
35. Jago R, et al. Adolescent patterns of physical activity: differences by gender,
day, and time of day. Am J Prev Med. 2005;28(5):447–52. doi:10.1016/j.
amepre.2005.02.007.
36. Silva P, et al. Seasonal differences in physical activity and sedentary patterns:
The relevance of the PA context. J Sports Sci Med. 2011;10(1):66–72.
37. Harding SK, et al. Longitudinal changes in sedentary time and physical
activity during adolescence. Int J Behav Nutr Phys Act. 2015; 12. doi:10.
1186/s12966-015-0204-6
38. DuRant RH, et al. The relationship among television watching, physical
activity, and body composition of 5- or 6-year-old children. / Relation entre
le temps passe devant la television, l'activite physique et la composition
metabolique corporelle chez des enfants ages de 5 ou 6 ans. Pediatr Exerc
Sci. 1996;8(1):15–26.
39. Hager RL. Television viewing and physical activity in children. J Adolesc
Health. 2006;39(5):656–61.
40. Newman J, et al. What do they usually do after school? J Early Adolesc.
2007;27(4):431–56.
41. Pate RR, et al. Tracking of physical activity, physical inactivity, and health-
related physical fitness in rural youth. Pediatr Exerc Sci. 1999;11(4):364–76.
42. Wickel E. Variables associated with active and inactive behavior during the
after-school period. Pediatr Exerc Sci. 2013;25(2):288–99.
43. Stanley RM, et al. The type and prevalence of activities performed by
Australian children during the lunchtime and after school periods. J Sci Med
Sport. 2011;14(3):227–32.
44. Wickel EE, et al. Longitudinal change in active and sedentary behavior
during the after-school hours. J Phys Act Health. 2013;10(3):416–22.
45. Posner JK, Vandell DL. After-school activities and the development of low-
income urban children: a longitudinal study. Dev Psychol. 1999;35(3):868–79.
46. Atkin AJ, et al. Critical hours: physical activity and sedentary behavior of
adolescents after school. Pediatr Exerc Sci. 2008;20(4):446–56.
Arundell et al. International Journal of Behavioral Nutrition and Physical Activity  (2016) 13:93 Page 8 of 9
49
47. Gorely T, et al. Couch kids: correlates of television viewing among youth. Int
J Behav Med. 2004;11:152–63. doi:10.1207/s15327558ijbm1103_4.
48. Marshall SJ, et al. Clustering of sedentary behaviours and physical activity
among youth: a cross-national study. Pediatr Exerc Sci. 2002;14:401–17.
49. Ridgers ND, et al. Five-year changes in school recess and lunchtime and the
contribution to children's daily physical activity. Br J Sports Med. 2011. doi:
10.1136/bjsm.2011.084921.
50. Ridgers ND, et al. Agreement between activPAL and ActiGraph for assessing
children's sedentary time. Int J Behav Nutr Phys Act. 2012;9:15. doi:10.1186/
1479-5868-9-15.
51. Reilly J, et al. Objective measurement of physical activity and sedentary
behaviour: review with new data. Arch Dis Child. 2008;93:614–9. doi:10.
1136/adc.2007.133272.
52. Veitch J, et al. Is the Neighbourhood Environment Associated with
Sedentary Behaviour Outside of School Hours among Children? Ann Behav
Med. 2011. doi:I 10.1007/s12160-011-9260-6.
53. Lau EY, et al. Associations between home environment and after-school
physical activity and sedentary time among 6th grade children. Pediatr
Exerc Sci. 2015;27(2):226–33. doi:10.1123/pes.2014-0061.
54. Salmon J, et al. A cluster-randomized controlled trial to reduce sedentary
behavior and promote physical activity and health of 8-9year olds: the Transform-
Us! study. BMC Public Health. 2011;11:759. doi:10.1186/1471-2458-11-759.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to ﬁnd the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Arundell et al. International Journal of Behavioral Nutrition and Physical Activity  (2016) 13:93 Page 9 of 9
50
Additional Table 1: Search strategy.
1. school age OR youth OR young OR child* OR adolescen*
2. sedentar* OR television OR TV OR screen OR “electronic games” OR inactiv*
3. after-school OR “after school” OR afternoon OR evening OR “critical window” OR 
“critical hours”
4. 1 and 2 and 3
5. limit 4 to published prior to October 2015 AND peer reviewed AND English language 
AND age groups: child (5-12 years) and adolescents (12-18 years)
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ra
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 m
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e
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-
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l
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 re
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d
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 b
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X
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m
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t f
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 D
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 b
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ee
n 
SB
 IN
C
L 
ho
m
ew
or
k/
ac
ad
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 b
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l t
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C
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ad
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 m
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 re
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ra
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ra
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 m
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ra
ph
 G
T1
M
, 3
0s
ec
 
ep
oc
h,
 S
ED
<1
00
cp
m
O
ve
ra
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m
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 re
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d
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ra
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ra
ll 
ST
:  
m
: 2
6.
1%
; f
: 2
7.
7%
St
an
le
y 
et
 a
l.
20
11
n=
79
4
11
.9
 (±
1.
6)
, 4
8%
 m
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 b
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re
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l f
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 b
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ad
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ra
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 m
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 re
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ra
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 m
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 re
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ra
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ra
ll 
ST
: m
: 6
8.
3%
; f
: 7
2.
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 m
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l b
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ra
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: m
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 c
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 m
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 re
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ra
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ra
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: m
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 m
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t d
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 b
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 m
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t d
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 b
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ad
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R
ep
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 p
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m
at
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, m
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r b
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: b
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ra
is
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; c
on
cl
us
io
ns
 a
nd
 
im
pl
ic
at
io
ns
 o
f k
ey
 fi
nd
in
gs
; s
ys
te
m
at
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 re
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at
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 re
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at
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 b
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 re
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 d
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 re
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 c
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 b
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 p
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at
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 c
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 c
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 c
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at
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at
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f c
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 c
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 d
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 d
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 c
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 b
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(i.
e.
, s
cr
ee
ni
ng
, e
lig
ib
ilit
y,
 in
cl
ud
ed
 in
 s
ys
te
m
at
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 re
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at
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 c
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 d
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 m
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f b
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at
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 b
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, d
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 c
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 c
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6
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 b
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f r
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 m
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at
io
n 
bi
as
, s
el
ec
tiv
e 
re
po
rti
ng
 w
ith
in
 s
tu
di
es
). 
6-
7
A
dd
iti
on
al
 a
na
ly
se
s 
16
D
es
cr
ib
e 
m
et
ho
ds
 o
f a
dd
iti
on
al
 a
na
ly
se
s 
(e
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, m
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R
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 o
f s
tu
di
es
 s
cr
ee
ne
d,
 a
ss
es
se
d 
fo
r e
lig
ib
ili
ty
, a
nd
 in
cl
ud
ed
 in
 th
e 
re
vi
ew
, w
ith
 re
as
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 d
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 c
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 d
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, f
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is
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 d
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 c
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m
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h 
st
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pl
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m
m
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 c
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 p
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 d
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, m
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 c
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 p
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is
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 b
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re
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, r
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re
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2.13. Below is a systematic review of the correlates of children and adolescents’ 
after-school sedentary behaviour which is published in BMC Public Health 
(Impact factor: 2.264) as: Arundell L, Fletcher E, Salmon J, Veitch J, Hinkley T. 
2016. The correlates of after-school sedentary behavior among children aged 5–
18 years: a systematic review. BMC Public Health, 16(1):1-10.  
The Authorship Statement for this manuscript is contained in Appendix 2.2 
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The correlates of after-school sedentary
behavior among children aged 5–18 years:
a systematic review
Lauren Arundell*, Elly Fletcher, Jo Salmon, Jenny Veitch and Trina Hinkley
Abstract
Background: Children and adolescents spend a large proportion of the after-school period in sedentary behaviors
(SB). Identifying context-specific correlates is important for informing strategies to reduce these behaviors. This
paper systematically reviews the correlates of children’s and adolescents’ after-school SB.
Methods: A computerized literature search was performed in October 2015 for peer-reviewed original research
journal articles published in English before October 2015. Eligibility criteria included: 1) sample aged 5–18 years;
2) quantified the amount of SB or component of this that the children/adolescents were performing after school;
3) a measure of SB as the dependent outcome; and 4) the association between potential correlates and after-school SB.
Results: Data were synthesized in October 2015. Thirty-one studies met the eligibility criteria: 22 studies among
children (≤12 years), six among adolescents (>12 years), two had a combined sample of children and adolescents
and one cohort followed children from childhood to adolescence. Findings were separated by after-school location
i.e. after-school programs (n = 4 studies) and unidentified locations (n = 27). There was insufficient evidence to draw
conclusions on all but two of the 58 potential correlates: sex and age. Among children at unidentified locations there
was a null association between sex (male) and overall after-school SB, a null association between sex (male) and
after-school TV viewing, a positive association between age and overall after-school SB and an inconsistent association
between age and after-school TV viewing. No correlates of after-school sedentary behaviour while at after-school
programs were identified.
Conclusions: Only two correlates have been investigated frequently enough to determine an overall association;
neither correlate is modifiable. Due to the lack of consistent investigation of potential correlates, further evidence is
required to accurately identify potential intervention targets.
PROSPERO registration number: CRD42014009180
Background
Sedentary behaviors are defined as behaviors expending
≤1.5 metabolic equivalents (METS) in a sitting or reclin-
ing posture (e.g. TV viewing, computer use, reading) [1].
The total time spent engaged in sedentary behaviors is
called sedentary time. Emerging evidence shows the
health and other risks of engaging in elevated amounts
of sedentary behavior among youth, such as increased
adiposity, decreased fitness, poor self-esteem and poor
academic achievement [2–4]; however, this evidence is
at times equivocal [5]. Despite this, approximately 75 %
of youth in many developed countries exceed Govern-
ment recommended levels of no more than two hours of
recreational screen time per day [6–8].
The after-school period, from the conclusion of school
until 6 pm [9], is typically characterized by children en-
gaging in sedentary behaviors. Up to 38 % of this period
is spent sedentary [10] and children watch over 70 % of
their daily TV between 3–9 pm [11]. Interventions tar-
geting after-school sedentary behaviors may therefore
be effective. Children are not restricted by the school
timetable during this period, and may have some dis-
cretionary choices between active or sedentary options.
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Centre for Physical Activity and Nutrition Research, Deakin University, 221
Burwood Highway, Burwood, Australia
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the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
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Although warranted, such interventions require an under-
standing of context-specific correlates of participation in
these behaviors during the after-school period prior to
development.
Previous reviews exploring the correlates of children’s
individual sedentary behaviors such as total screen-
viewing [12] and TV viewing [13], and overall sedentary
time (objectively and subjectively measured) [14], have
examined children’s daily behaviors without specific
attention to the after-school period. As there are health
outcomes specific to screen-viewing [3, 4, 15], and these
behaviors are often intervention targets [16, 17], investiga-
tion into the correlates of after-school screen-viewing
behaviors as well as total sedentary time during this period
is important. In addition, the context of the after-school
period (i.e. location of the child and who the child is with)
is likely to be different to what children experience during
the whole school day. Therefore, it is likely that the corre-
lates of sedentary behaviors performed after school vary
from the correlates of daily sedentary behaviors.
Many theories have been used to facilitate the study of
behaviors and their corresponding correlates. Ecological
models posit that behavior is influenced by intraper-
sonal/demographic factors as well as their social/cultural
and physical/policy environments [18], all of which are
likely to impact a child’s after-school sedentary behavior.
The aim of this paper is to systematically review the
correlates of children’s and adolescents’ after-school
sedentary behavior organised according to an ecological
framework.
Methods
This review is registered with PROSPERO (registration
number: CRD42014009180).
Search procedure
Using the EBSCOhost search engine, a computerized
search for literature was performed in October 2015
within the following databases: Academic Search Complete,
CINAHL Complete, Education Research Complete, MED-
LINE, MEDLINE Complete, PsycARTICLES, Psychology
and Behavioral Sciences Collection, PsycINFO and SPORT-
Discus with Full Text. Peer-reviewed original research jour-
nal articles published in English until October 2015 were
sought. The following keyword combinations were used for
age (school age, youth, young, child*, adolescen*), behavior
(sedentar*, television, TV, screen, electronic games, inactiv*)
and time-of-day (after-school, after school, afternoon, even-
ing, critical window, critical hours).
Articles were analysed in October 2015 and were
included if they met the following criteria: 1) included
children aged 5–18 years; 2) quantified the amount of
sedentary time/behavior the children were performing
after school (in minutes or proportion of the period);
3) included a measure of sedentary behavior (objectively
or subjectively measured) as the dependent outcome; and
4) assessed the association between potential correlates
and after-school sedentary behavior. Studies that included
special populations (e.g. children with a disability or over-
weight/obese populations) were excluded due to the in-
ability to generalise the findings to the broader population.
No restriction was placed on the definition of ‘after-
school’ to allow for the greatest inclusion of studies. Arti-
cles that examined sedentary behaviors ‘outside of school’
were excluded as that definition typically includes behav-
iors before school and on weekends which was beyond the
scope of the current review. All sedentary behaviors were
reported (e.g. TV viewing, Computer/ DVD/video game
use) to enable an exploration of the potential correlates
specific to each behavior. Articles were included regardless
of where the children were located during the after-school
period (e.g. at after-school program, at home) to allow
comparisons of behaviors and potential correlates.
Initially, each title and abstract was reviewed to deter-
mine eligibility. The full-text of studies deemed eligible
were retrieved and assessed. Relevant papers from other
sources (e.g. reference lists) were also added if eligible.
All articles were reviewed by two authors (LA and EF)
and any differences were discussed until agreement was
achieved (83 % agreement in initial screening). When
eligibility was unclear contact was attempted with the cor-
responding author for further clarification (n = 4 authors).
Methodological quality and risk of bias assessment
Study quality and risk of bias was determined using a
modified published rating scale from McMaster Univer-
sity [19]. Six methodological components were assessed
including selection bias (e.g. sample representativeness),
study design (e.g., RCT), confounders (e.g., were between-
group differences controlled for?), blinding (e.g. was
the outcome assessor aware of group allocation), data
collection methods (e.g. are they valid and reliable),
and withdrawals and dropouts (e.g. percent of participants
completing/providing full data). Intervention-specific cri-
teria within any component was not assessed for observa-
tional studies (e.g. intervention integrity, blinding). As
recommended in the quality assessment tool’s dictionary,
each study was given a score of weak, moderate or strong
for each component. Two reviewers (LA and EF) inde-
pendently assessed the quality of each study, compared
results and discussed any differences until agreement was
achieved (93 % agreement in initial study quality assess-
ment). The PRISMA guidelines were followed [20].
Results
Figure 1 shows that 569 articles were identified, screened
and assessed for eligibility. Of these, 31 met the in-
clusion criteria. Studies were analysed for children and
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adolescents separately. Studies were included in the child
data when the mean age was ≤12 years [10, 11, 21–39] (n =
22) and in the adolescents’ data when the mean age was
>12 years [40–45] (n = 6). One cohort studied examined
correlates when the sample was children (9–10 and 10–11
years) and adolescents (13–14 years) [46]. For this study,
data for the 9–10 and 10–11 year olds were included in
the children’s findings and data for the 13–14 year old
were included in the adolescents’ findings. Two additional
studies had a sample that included both children and
adolescents (grades 3 and 9 [47] and 9–15 years [48]).
These two studies combined the age groups, therefore
their findings were duplicated to be included in both the
child and adolescent data for this review as the potential
correlates related to both age groups. Therefore, a total of
25 studies were included for children and nine for adoles-
cents. Study characteristics can be found in (Additional
file 1: Table S1).
After-school period definitions
A variety of definitions for the ‘after-school’ period was
provided and many studies did not define the period.
Among the four studies examining potential correlates
of sedentary behavior while children were at after-school
programs, only one study [21] provided information to
define ‘after-school’. However, that study defined the
period as the average number of minutes (208, range
60–240) after school and did not provide a start and/or
finish time, and it is assumed that this would have
varied widely by child. The other three studies did not
report the actual time period [26, 29, 31]. Among the
27 studies examining correlates of children’s/adolescents’
after-school behaviors while at unidentified locations, four
did not provide a definition [33, 45, 47, 48]. Twenty differ-
ent definitions of the after-school period were used among
the remaining 23 studies ranging from two hours immedi-
ately after school [36, 37] through to 12noon–9 pm [32].
Child’s location
Only four studies that met the inclusion criteria assessed
the potential correlates of children’s sedentary behavior
while attending an after-school program. All four studies
were among children [21, 26, 29, 31]. Of the remaining
studies, 22 did not report where the children/adolescents
were located after school [10, 11, 22–25, 28, 32, 33, 36–41,
43–49] and five reported that the children/adolescents were
at a variety of locations after school [27, 30, 34, 35, 42]. For
synthesis of the results, these 27 studies were combined to
represent children/adolescents at ‘unidentified locations’.
Country of study
All four studies investigating the potential correlates of
children’s/adolescents’ sedentary behavior during after-
school programs were conducted in the United States
[21, 26, 29, 31]. The majority of the studies investigating
after-school behaviors while at unidentified locations
were conducted in the United States (n = 12) [11, 22, 23,
27, 30, 34, 35, 41–43, 45, 48]. The only other countries
from which multiple studies were identified were the
United Kingdom [28, 32, 39, 40, 46, 49], Australia
[10, 24, 33] and Canada [36, 37]. One study was identi-
fied from each of the following: Portugal [44]; a combined
sample from Bulgaria, Taiwan and the United States [25];
a combined sample from England and Spain [38]; and a
Fig. 1 Flow chart of search results
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combined sample from Denmark, Portugal, Estonia and
Norway [47].
Measurement tools
Data collection methods for the studies examining the
potential correlates of children’s/adolescents’ sedentary
behavior while at after-school programs were predomin-
antly objectively measured by an ActiGraph GT1M ac-
celerometer with a sedentary behavior cut point of <100
counts per minute (cpm) [21, 29, 46, 49] or <1.5METS
[31]. One study used self-report physical activity/sitting
activities recall [26].
Among the 27 studies examining after-school seden-
tary behavior while at unidentified locations, 16 used
objective measures including Actical accelerometer
(<1.5METS [23]), ActiGraph accelerometer with sev-
eral sedentary cutpoints (<50 cpm [44], <100 cpm
[10, 24, 28, 30, 32, 38, 43, 46, 49], <288 cpm [39],
<300 cpm [36, 37], and <800 cpm [41]), and direct
observation (Children’s activity rating Scale [CARS])
[22]. Eleven studies used subjective measures, only one of
which used a parent proxy-report child sedentary behavior
log (watching TV and computer/video games including
handheld devices in 15-min intervals) [11]. The remaining
10 studies used child self-report: behaviors at 15 min
intervals [40], TV viewing (60 min blocks) [47], self-report
survey of behaviors in 60 min intervals [25], screen time
recall (30 min blocks) [33], increasing intervals of a variety
of sedentary behaviors (i.e. 15, 30 then 60 min) [45], a
sedentary behavior diary (every 20 min) [42], the Self-
Administered Physical Activity Checklist (SAPAC) [48],
and behavior recall via telephone interview (15 min inter-
vals) [27, 34, 35]. Studies were classified as measuring
overall sedentary behavior, TV viewing, computer/DVD/
video games, a composite measure of screen-based seden-
tary behaviors (when TV viewing and computer/DVD/
video games may have been included in the measure but
were unable to be extracted for separate analysis) or non-
screen-based sedentary behaviors.
Determining an association
A previously published coding model [50, 51] was used
to determine the overall association between a correlate
and outcome behavior (‘+’ positive, ‘-’ negative or ‘0’ no/
non-significant association). When there were four or
more findings that investigated a correlate and sedentary
behavior or a component of sedentary behavior, the
association was assigned ‘0’ (null: 0–33 % of findings
supported an association), ‘?’ (inconsistent: 34–59 %
of findings supported an association) or ‘+’ or ‘–’
(positive or negative: 60–100 % of findings supported
an association).
Correlates of children’s and adolescents’ after-school
sedentary behavior
Correlates of children’s after-school sedentary behavior
In total, 58 potential correlates of children’s after-school
sedentary behavior were identified from the literature
[10, 11, 21–39, 42, 47, 48]. Of these, only sex and age
were assessed frequently enough to provide an overall
association. Table 1 shows a null association between sex
and overall sedentary behaviors after school [10, 11, 24,
31, 32, 35, 39]. There was also a null association between
sex (being male) and after-school TV viewing [25, 27, 47].
Age was positively associated with overall sedentary be-
haviors [10, 35, 46, 48, 49], and inconsistently associated
with after-school TV viewing [27, 47]. No overall associa-
tions were found with any potential correlates of children’s
sedentary behavior while at after-school programs.
Table 2 shows the potential correlates of children’s
after-school sedentary behavior that were measured too
infrequently to determine an association. Overall seden-
tary behavior was the mostly commonly assessed outcome
with 36 potential correlates assessed for their association.
This was followed by TV viewing (15 potential correlates),
non-screen-based sedentary behaviors (8 potential corre-
lates), screen-based sedentary behaviors (6 potential
correlates and computer/DVD/video games (4 potential
correlates). Five potential correlates (age, sex, BMI, race
and family structure) were assessed across multiple behav-
ior outcomes.
Of the potential correlates assessed for their association
with overall sedentary behavior, 12 were intrapersonal (e.g.
age, race), two related to the social environment (e.g.
mum’s/dad’s sedentary behavior) and 22 related to the
physical/policy environment (e.g. number of TV sets at
home). However, 16 of these physical/policy environment
correlates were assessed among children attending after-
school programs and are specific to that program. Among
the correlates of after-school TV viewing, eight were
intrapersonal, one was social and six were related to the
physical environment. Computer/DVD/video games had
five potential correlates, two intrapersonal, one social
and two from the physical environment. The social
and physical environment correlates of children’s after-
school screen-based and non-screen-based sedentary be-
haviors examined who they were with (i.e., mum, dad,
unrelated adult) and where they were located (i.e., public
place, outside at home, outside at other home).
Correlates of adolescents’ after-school sedentary behavior
No correlates of adolescents’ after-school sedentary be-
havior were measured often enough to determine an
overall association. The 15 potential correlates of adoles-
cents’ after-school sedentary behavior are shown in Table 3.
Among adolescents, TV viewing was the behavioral out-
come most frequently assessed with 11 potential correlates
Arundell et al. BMC Public Health  (2016) 16:58 Page 4 of 10
61
assessed for their association. Seven potential correlates
were assessed for their association with overall sedentary
behavior, two were assessed with computer/DVD/video
games, and one with non-screen based sedentary behavior.
Only sex, race and BMI were assessed across multiple be-
havior outcomes. Among all behaviors, the majority of the
potential correlates were intrapersonal (n = 9) and TV
viewing was the only behavioral outcome with which phys-
ical/policy environment correlates were assessed.
Methodological quality and risk of bias assessment
The majority (67 %) of the studies were cross-sectional
[11, 23–26, 28–33, 38, 40–44, 47, 48] with 11 cohort
studies identified [10, 21, 22, 27, 34–37, 45, 49] and one
study used baseline data from three interventions target-
ing overall physical activity [39]. Reliability and validity
of measurement tools was poorly reported with only
eight studies reportedly using valid and reliable tools
[22–24, 26, 30, 31, 42, 44]. Only six studies had a low se-
lection bias with a “very/somewhat likely” representative
sample and ≥80 % selected individuals agreeing to par-
ticipate [24, 27, 31, 33, 41, 43]. Completion rates were
generally high with over 80 % completion in ten studies
[24, 25, 31, 32, 36, 37, 41–43, 48] and 60–79 % comple-
tion in a further eleven studies [10, 23, 27, 30, 33–35,
38, 44, 45].
Discussion
Fifty-eight potential correlates of children’s and adoles-
cents’ after-school sedentary behavior were identified in
this systematic review. As found in previous reviews of
daily sedentary behavior among children and adolescents
[52, 53], there was insufficient evidence to draw conclu-
sions about the majority of these. Only two variables
(sex and age) were assessed frequently enough (four or
more times) to produce an overall association. Both of
these variables were non-modifiable, were identified
from studies among children, and were within the intra-
personal domain of the ecological model.
The complex nature of after-school sedentary behav-
iors is highlighted within these findings due to the null
associations between sex (male) and overall sedentary
behavior and a null association with TV viewing. These
findings are in contrast to a previous review that found
an inconsistent association between sex and overall sed-
entary behavior among preschool-aged children [14], but
concur with reviews among preschool children [14] and
2–18 year olds [13] that found no association between
sex and daily TV viewing. Another review of the corre-
lates of adolescents’ (13–18 years) daily sedentary behav-
iors found a positive association with sex (male) [52].
However, the authors grouped their studies so that the
association was reported for combined TV/video/com-
puter use or TV viewing without being able to determine
if the association existed for each specific sedentary be-
havior. This behavior grouping may have been to align
with public health recommendations, so future research
may benefit from identifying discretionary sedentary be-
haviors (e.g. computer use for recreation) over non-
discretionary sedentary behaviors (e.g. computer use for
homework) for targeted interventions.
This review also found a positive association between
age and children’s after-school overall sedentary behav-
ior, an association previously seen with young children’s
(≤7 years) daily screen-viewing [12]. In contrast to this
was the inconsistent association between age and chil-
dren’s after-school TV viewing. This also contradicts a
previous cohort studies that found TV viewing declines
Table 1 Correlates of children’s after-school sedentary behavior reported in ≥4 findings
Overall sedentary behavior TV viewing
Correlate variables Ass. Studies Ass. Studies
Sex (male) + + [27]a
- [32] -
0 [10, 11, 24, 35, 39] [31]h 0 [25], [27]b, [47]
Overall association (≥4 findings) 0 0
Age + [10, 35, 46, 48, 49] + [27]
a, [47]cd
0 [27]b, [47]efg
Overall association (≥4 findings) + ?
Children aged 5–12 years
Abbreviations: ‘0’ null association, ‘+’ positive association, ‘-’ negative association
aAfrican American sample
bWhite sample
cAll sample, includes children from Denmark, Portugal, Estonia and Norway
dEstonia sample
eDenmark sample
fNorway sample
gPortugal sample
hSample at after-school programs
Arundell et al. BMC Public Health  (2016) 16:58 Page 5 of 10
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with age while computer use increases [54]. The positive
association with age and overall sedentary behaviour
but inconsistency between age and TV viewing may
be due to increase homework requiring computer use
or increased participation in organised activities after-
school. However, the mixed findings from this review
highlight the need for further research to better under-
stand how the use of individual components of sedentary
behavior (i.e. TV viewing, electronic game use) varies as
children age.
Despite evidence that sedentary time increases with age
[55], a smaller number of potential correlates of after-
school sedentary behavior were identified among adoles-
cents than children in all three domains of the ecological
model. This is a reflection of the lower number of studies
among adolescents. Further it highlights the need for fur-
ther investigation into the correlates of other components
of sedentary behaviors such as homework/academics and
recent technologies such as iPads and Kindles, particularly
as the amount of suggested homework time increases as
students progress through school [56].
The majority of the potential correlates of children’s
overall sedentary behavior and the components of sed-
entary behavior while at unidentified locations were intra-
personal. Conversely, all of the potential correlates of
children’s after-school sedentary behavior while at after-
school programs were within the physical/policy domain
of the ecological model. This suggests that correlates of
sedentary behaviors performed during the after-school
period may be dependent on the setting, the policies in
place and features of the physical environment. Future
research should identify the setting and context of chil-
dren’s sedentary behavior in the after-school period.
Limitations
There are a number of limitations within the literature
included in this review that need to be acknowledged.
Firstly, the majority of studies did not report where the
child was located after school and these studies may
have included children attending after-school programs.
The correlates of children’s and adolescents’ after-school
sedentary behavior may be specific to particular contexts
or locations and therefore identifying differences between
contexts is important for the development of intervention
strategies. Secondly, international comparisons are diffi-
cult as the majority of the studies that met the eligibility
criteria were among samples from the United States and
the United Kingdom. Countries and cultures have differ-
ent environments which may influence children’s and
adolescents’ after-school sedentary behavior and so need
to be further explored. Thirdly, consideration must be
taken of the definitions of the after-school period used
when examining the correlates of after-school sedentary
behavior. The potential correlates of a child’s/adolescents’
behavior at 2 pm may vary considerably to those influen-
cing the behavior at 8 pm. However, such differences were
not able to be determined from the literature as all time
frames were considered ‘after-school’. Fourthly, the variety
of measurement tools and data management used may
have impacted on the findings. For example, among the
objective measures, a variety of sedentary cut points
were used. This may influence the reported time children/
Table 3 Correlates of adolescents’ sedentary behavior that were reported in <4 findings (insufficient evidence)
Overall sedentary behavior TV viewing Computer/DVD/video games Non-screen based SB
Intrapersonal Intrapersonal Intrapersonal Intrapersonal
-[41]Sex (male) 0[40] Sex (male) +[40] Sex (male) 0[40] Sex (male)
+[48] Age +[47]ace/0[47]bd BMI +[45](comp/int)/-[48]/0[45](vid games)
Race (non-Caucasian)
+[43]/-[42]BMI +[48]/0[45] Race (non-Caucasian)
+[48] Race (non-Caucasian) +[47]acd/0[47]be Child behavior autonomy
+[43] Body Fat % -[47]ac /0[47]bde Father’s income high (ref low)
Social 0[47] Father’s income med (ref low)
+[42] Time supervised AS 0[47] Mother’s income high/med (ref low)
+[42] Time alone AS Physical/Policy
Physical/Policy +[47] TV environment
0[46] Rainfall +[47]b/0[47]acdeNo. TV sets in the home
0[47] TV in bedroom\
+[47] Country: Portugal, Estonia, Norway (each ref Denmark)
Abbreviations: ‘0’ null association, ‘+’ positive association, ‘-’ negative association, AS after-school, BMI Body Mass Index
aAll sample, includes children from Denmark, Portugal, Estonia and Norway
bEstonia sample
cDenmark sample
dNorway sample
ePortugal sample
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adolescents spent in sedentary behavior [57] and subse-
quently may impact the correlates identified with this
behavior. Further, objective techniques do not provide
behavior-specific information, while subjective measures
may be at risk of recall bias, particularly among children
[58]. However, despite the limitations associated with each
measurement tool, it is important to use both objective
and subjective measures to identify associations between
overall sedentary behaviors with individual health com-
ponents. This information is vital given the emerging
evidence of health outcomes associated with individual
sedentary behaviors [3, 4, 15]. Finally, due to the diversity
of samples, measures and variables used, we are unable to
perform a meta-analysis.
Future research should focus on increasing the literature
assessing correlates of children’s and adolescents’ after-
school sedentary behavior from all domains of the eco-
logical model using valid and reliable measurement tools,
consistent terminology and a standardized after-school
period definition. Additional attention on the correlates
for adolescents would assist with intervention develop-
ment among this understudied age group. Longitudinal
studies among children and adolescents would also pro-
vide valuable information about the determinants of after
school sedentary behaviors and sedentary time. Future
studies comparing associations by sub-groups, such as
sex, location and ethnicity would further assist tailoring
intervention strategies targeting after-school sedentary be-
haviors and sedentary time.
Conclusions
This review highlights the need for further research
examining the intrapersonal, social/cultural and physical
environmental/policy correlates of children’s and adoles-
cents’ after-school sedentary behavior. There was insuffi-
cient evidence to draw conclusions about the majority of
potential correlates with overall associations only observed
for two non-modifiable variables among children: sex
(male) and age. This lack of evidence makes the identifica-
tion of potential strategies to decrease children’s and
adolescents’ after-school sedentary behaviors challenging.
Further investigation and identification of country-, con-
text- and behavior-specific correlates of sedentary behav-
iors in both children and adolescents is required to
develop effective interventions that target healthy levels of
after-school sedentary behavior in these populations.
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 re
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ra
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 m
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 c
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 m
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 b
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ra
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 m
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po
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ra
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 m
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l d
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 m
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ra
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 d
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t a
l.4
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 m
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 re
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 p
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 c
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 m
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 re
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 re
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 C
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 m
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 re
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 m
al
e
U
SA
N
ot
 re
po
rte
d
C
ro
ss
-s
ec
tio
na
l
A
fte
r-
sc
ho
ol
 
ca
re
Se
lf-
re
po
rt 
lig
ht
/s
itt
in
g 
ac
tiv
iti
es
Lo
w
 Q
ua
lit
y 
/ 
H
ig
h 
B
ia
s
Po
sn
er
 e
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 b
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C
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, f
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 re
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ra
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 m
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ra
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H
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 m
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 re
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ra
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os
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 m
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ra
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ra
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 m
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 p
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rt 
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at
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, m
et
a-
an
al
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r b
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ed
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: b
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, p
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an
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is
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; c
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at
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nu
m
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at
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ra
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 re
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at
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 re
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 p
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 d
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gi
st
ra
tio
n 
5
In
di
ca
te
 if
 a
 re
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 c
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ra
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at
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re
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 c
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 c
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 c
rit
er
ia
 fo
r e
lig
ib
ilit
y,
 g
iv
in
g 
ra
tio
na
le
. 
5-
6
In
fo
rm
at
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at
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 d
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f c
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 c
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 d
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 d
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 re
pe
at
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at
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 re
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 d
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at
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 c
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 d
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CHAPTER THREE                                              
Context and methods overview 
3.1 Context of the studies within this thesis 
This thesis draws on original data from three studies. Chapter Four (Paper Three), 
Chapter Five (Paper Four) and Chapter Seven (Paper Six) utilised baseline data 
from the Transform-Us! randomised controlled trial, and Chapter Six (Paper Five) 
utilised combined data from two large cohort studies: the Children’s Living in 
Active Neighbourhoods Study (CLAN) and the Health Eating and Play Study 
(HEAPS). This chapter describes the methodology of Transform-Us! and 
CLAN/HEAPS, and my role within each study. An overview of the study 
characteristics is provided in Table 3.1. 
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3.2 The Transform-Us! Study 
The Transform-Us! study was a National Health and Medical Research Council 
(NHMRC) funded randomised controlled trial involving 595 grade 3 children 
(children invited to participate n=1606; response rate 37%) from 20 randomly 
selected primary (elementary) schools in metropolitan Melbourne, Australia. The 
18-month Transform-Us! intervention was delivered by class teachers to all year 3 
students in year one (2010) and grade 4 students the following year (2011). A 12-
month follow-up period occurred while the children were in grade 5 (2012). The 
schools were randomised to one of three intervention groups which aimed to 1) 
target physical activity in the home and school settings; 2) target sedentary 
behaviour in the home and school settings; 3) target physical activity and 
sedentary behaviour in the home and school settings; or 4) current practice control 
group. Baseline data collection occurred prior to commencement of the 
intervention. Details of the Transform-Us! recruitment methods and intervention 
are described in the published methods paper in which the candidate is a co-
author (Salmon et al., 2011) (Appendix 3.1). A brief explanation of these are 
provided below. 
3.2.1 Aim of Transform-Us! 
The primary aim of Transform-Us! was to determine whether an 18-month, multi-
setting behavioural intervention targeting sedentary behaviour (SB-I) and physical 
activity (PA-I) alone or in combination (SB+PA-I) results in lower rates of 
sedentary behaviour and higher levels of physical activity among 8-9 year old 
children compared with current practice. 
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The secondary aims were to: determine the independent and combined effects of 
SB-I, PA-I and SB+PA-I on children’s metabolic and cardiovascular risk factors 
for health; identify the mediators and moderators of the intervention; determine 
whether changes in behavioural and health outcomes are maintained 12-months 
post-intervention; and determine whether SB-I, PA-I and SB+PA-I are cost-
effective.  
3.2.2 Ethical approval for Transform-Us!  
Ethical approval was obtained from the Deakin University Human Research 
Ethics Committee (EC 141-2009). Approval was obtained from the Victorian 
Department of Education and Training (2009_000344) and the Catholic 
Education Office (Project Number 1545). Parental consent was required for 
parent’s participation and children’s participation in any data collection prior to 
their involvement. Child assent was required from children on the assessment 
days. See Appendix 3.2 for ethical approval.  
3.2.3 Recruitment of Transform-Us! participants 
The participating schools were required to have an enrolment of at least 300 
students and be located within a 50km (31 miles) radius of the City of Melbourne. 
Using the schools’ suburb socioeconomic index for areas (SEIFA) score (suburb 
disadvantage score) (Australian Bureau of Statistics, 2006b), schools were 
stratified into the first (n=74), third (n=74) and fifth (n=71) quintile to represent 
low-, mid- and high- socioeconomic status (SES) areas. Schools in each stratum 
were randomly ordered with probabilistic weighting according to enrolment 
number. The principals were then sequentially contacted via email or phone to 
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arrange a face-to-face meeting and invitation to participate. Recruitment of 
schools in the high-SES areas proved difficult as they were apprehensive to meet 
and discuss Transform-Us! and many believed their students were already active 
enough so this was not relevant to them. Therefore, the mid- and high-SES groups 
were combined. In total 8 of the 41 schools in the low SES areas who were 
approached consented to participate (19.5% response rate) and 12 of the 96 
schools in mid- to high-SES areas who were approached consented to participate 
(12.5% response rate). Schools within each SES group were then randomised into 
an intervention group using computer-generated blocks of four. 
3.2.4 My role in Transform-Us! 
Throughout my candidature I was the project manager of Transform-Us!. In this 
role I was directly involved in the initial pilot study that trialled the proposed 
intervention strategies among teachers, parents and children from one primary 
school in Melbourne. The process evaluation data from teachers, parents and 
children involved in this pilot study informed the final intervention. I also 
managed the Transform-Us! reliability and validity study to assess the reliability 
of survey measures used in the intervention and in Chapter Five (Paper Four) and 
Chapter Seven (Paper Six). In addition, as project manager I oversaw the 
recruitment of and liaison with schools, teachers and participants involved in 
Transform-Us!. I was responsible for the recruitment, training and management of 
a team of over 80 field staff employed to conduct research visits and assessments 
with participating children; co-ordination of administration staff to assist with the 
day-to-day running of Transform-Us!; and an equipment manager who initialised 
and downloaded the accelerometers and activPALs used in Transform-Us!. I 
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assisted with writing the initial National Ethics Application Form (NEAF) for the 
Deakin University Human Research Ethics Committee and the applications for 
approval from the Department of Education and Training and the Catholic 
Education Office as well as all modification requests. I participated in the 
research visits to schools to conduct the evaluation assessments with participating 
children. I was involved in developing coding manuals for surveys and data 
cleaning protocols. Furthermore, I was involved in the development of 
intervention materials including class lessons, standing lesson strategies, active 
breaks strategies, active and standing homework suggestions and newsletters sent 
to families.  
 
I managed the budget for the funding obtained from the NHMRC as well as 
additional funds obtained from the MAZDA foundation, a Diabetes Australia 
Research Trust (DART) grant and Deakin University funds. Further, I actively 
contributed to journal articles, and conference abstracts and presentations on 
Transform-Us!. For my PhD, I developed unique survey measures that were 
included in the baseline child and parent surveys (see Appendix 3.3 for the 
Transform-Us! Child survey and Appendix 3.4 for the Transform-Us! Parent 
surveys) and a two-day after-school log which were incorporated in the data 
collection of the RCT. I then extracted the behaviour outcomes using objective 
and survey measures (i.e. children’s physical activity and sedentary behaviour 
after-school) that were specific to this thesis. 
3.3 The Children’s Living in Active Neighbourhoods Study (CLAN) and the 
Health Eating and Play Study (HEAPS) 
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The Children’s Living in Active Neighbourhoods Study (CLAN) and the Health 
Eating and Play Study (HEAPS) are two cohort studies. Both collected survey 
data from parents and objective physical activity and sedentary time data from 
children and adolescents over a five year period. Data presented in Chapter 
Five (Paper Four) was obtained by combining outcome measures from both 
datasets. Data collection for CLAN and HEAPS occurred on three occasions (see 
Table 3.1).  
3.3.1 Aim of CLAN and HEAPS 
The aim of CLAN was to enhance the knowledge and understanding of 
physical activity and sedentary behaviour patterns of Australian children and 
how the family environment influences physical activity and sedentary 
behaviour among children. The aim of HEAPS was to examine how the 
family environment influences the eating and physical activity behaviours of 
Australian children. The common aims and subsequently the type of data 
collected from these two studies meant that it was possible for the data to be 
merged. 
3.3.2 My role in CLAN and HEAPS 
Prior to my PhD candidature, I was the field manager for the final HEAPS data 
collection (2008) under the guidance of the project manager. During this time I 
was involved in maintaining communication with participants and scheduling 
assessment visits. I was involved in the recruitment, training and management of 
casual field staff to conduct the field visits to collect the child data. Further, I was 
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actively involved in the field visits and data collection. I had no active role in the 
CLAN study prior to my candidature. 
3.3.3 Ethical approval for CLAN and HEAPS 
Ethical approval was obtained for CLAN and HEAPS from the Deakin University 
Human Research Ethics Committee (CLAN: EC40-2003; HEAPS: EC289-2005). 
Approval was also obtained from the Department of Education and Early 
Childhood Development Victoria (CLAN: SOS00141; HEAPS: SOS002174) and 
the Catholic Education Office (CLAN: GE00/0010; HEAPS: GE02/2009). 
Parental consent was required for parents’ and children’s participation in any data 
collection prior to their involvement. Child assent was required from children on 
the assessment days. See Appendices 3.5 and 3.6 for CLAN and HEAPS ethical 
approval respectively. 
3.3.4 Recruitment of CLAN and HEAPS participants  
Children and their parents were recruited into CLAN through 19 state primary 
schools in high- and low-SES areas of metropolitan Melbourne, Australia. Ten 
high-SES (determined via Socioeconomic Index for Areas, SEIFA (Australian 
Bureau of Statistics, 1998)) and nine low-SES schools from the eastern and 
western regions of Melbourne were selected via stratified random sampling 
proportionate to school size (enrolment >200 students). Five schools declined and 
were replaced with randomly selected schools. Two cohorts of children 
participated in CLAN at baseline: cohort 1 consisted of 295 children from grade 
Prep (5-6 years, 27% response rate) and cohort 2 consisted of 919 children from 
grades 5-6 (10-12 years, 44% response rate). All participants were invited to be 
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contacted in the future and provide consent for further follow-up participation. 
Follow-up data occurred in 2004 and again in 2006. 
HEAPS also utilised the Australian Bureau of Statistics’ Socioeconomic Index for 
Areas (Australian Bureau of Statistics, 1998) to classify Melbourne State and 
Catholic primary schools with student enrolments greater than 200 into SES 
quintiles. To provide a sample representative of high-, middle- and low-SES 
areas, 13 schools from the 1st, 3rd and 5th quintiles were selected and invited to 
participate. Twenty-four schools (9 high-, 7 middle- and 8 low-SES) agreed to 
participate. Initially HEAPS was to study grade prep children only and therefore 
all prep children attending HEAPS schools were invited to participate in 
2002/2003 (Cohort 1). In 2003, the study was extended and grade 5-6 children at 
15 of the 24 HEAPS schools were invited to participate (Cohort 2). These 15 
schools were representative of the high-, middle- and low-SES areas. At baseline 
parental consent was received for 1562 children, 615 from cohort 1 (38% 
response rate) and 947 from cohort 2 (45% response rate). All participants were 
invited to be contacted in the future and provide consent for further follow-up 
participation. Follow-up data collection occurred in 2006 and again in 2008. 
 
The following four chapters contain the original research components of this 
thesis. Each chapter contains a paper either published, or under review in a peer-
review journal or in preparation for publication. The papers are prepared in 
accordance to the structure, formatting and referencing guidelines specified by the 
journal in which it is published. 
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CHAPTER FOUR                                                
Paper Three: Standardising the ‘after-school’ 
period for children’s physical activity and sedentary 
behaviour  
As discussed in Sections 2.7-2.10 and Sections 2.12-2.13, there is currently no 
standardised definition of the “after-school period”. The definition of this period 
varies greatly between studies (e.g. 2pm-midnight (Nilsson et al., 2009b), 3-5pm 
(Fairclough et al., 2007) and from the school bell until bedtime (Rushovich et al., 
2006)), making it difficult to compare findings. Therefore, it is essential for the 
future study of children’s after-school physical activity and sedentary behaviours 
to develop a standard definition of the ‘after-school period’. Once adopted, this 
will enable direct comparisons of studies examining children’s after-school 
behaviours. A standardised definition will allow for comparable prevalence rates 
of children’s after-school physical activity and sedentary behaviour to be 
established. Further, the correlates of these behaviours will be able to be 
examined and compared across different subgroups such as nationalities. The 
following paper provides a standardised definition of the ‘after-school period’. 
This paper is published in the Health Promotion Journal of Australia (Impact 
Factor: 0.945) as:  Arundell L, Salmon J, Veitch J, O'Connell E, Hinkley T, Hume 
C. 2013. Standardising the 'after-school' period for children's physical activity 
and sedentary behaviour. Health Promotion Journal of Australia, 24(1):65-7. 
The Authorship Statement for this manuscript is contained in Appendix 4.1  
Standardising the ‘after-school’ period for children’s
physical activity and sedentary behaviour
Lauren ArundellA,B, Jo SalmonA, Jenny VeitchA, Eoin O’ConnellA, Trina HinkleyA
and Clare HumeA
ACentre for Physical Activity and Nutrition Research, School of Exercise and Nutrition Sciences,
Deakin University, 221 Burwood Highway, Burwood, Vic. 3125, Australia.
BCorresponding author. Email: lauren.arundell@deakin.edu.au
Abstract
Issue addressed: Studies examining children’s after-school physical activity (PA) and sedentary behaviours (SB) often use arbitrary
times to signify the period start and end. A standardised time is required for future research examining this period. The aim of the
present studywas to compare children’s after-school behaviour using three deﬁnitions of the after-school period, namely (1) end of
school to 6 pm; (2) end of school to dinner time; and (3) end of school to sunset, to determine the extent of variability in PA and SB
during the after-school period depending on the deﬁnition used.
Methods:Children (n= 308; aged 8 years) from theMelbourne Transform-Us! interventionwore an accelerometer and a subsample
(n= 112) wore an activPAL inclinometer in 2010. The end of school bell time was obtained from the child’s school, parents
completed a 2-day log reporting their child’s dinner time and sunset times were obtained from Geoscience Australia. ActiGraph
accelerometers assessed the proportion of time spent sedentary (SED) and that spent in light (LPA),moderate (MPA) andmoderate-
to-vigorous (MVPA) PA during the three time periods; activPAL inclinometers assessed the proportion of time spent sitting (SIT).
Results: Apart from the end of school time (3:30 pm), dinner (range 3:30 pm–8:40 pm) and sunset (range 5:07 pm–7:34 pm) times
varied. Despite this, there were no signiﬁcant differences in estimates of the proportions of time children spent in SED, LPA, MPA,
MVPA or SIT between the three after-school periods examined.
Conclusion:Given the small differences inSED, PAandSITduring theafter-schoolperiod regardless of thedeﬁnition (6pm, sunsetor
dinner time), it appears that applying a standardised deﬁnition of end of school to 6 pm is acceptable for deﬁning children’s PA and
SB during the after-school period.
So what? The use of a standardised after-school deﬁnition (end of school to 6 pm), will enable future studies exploring children’s
after-school PA and SB to be more comparable.
Key words: physical activity, sedentary behaviour, children, measurement development.
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Introduction
The after-school period offers an opportunity to promote children’s
physical activity (PA) and reduce sedentary behaviours (SB).1 After
school, primary school children are not restricted by school
timetabling and may have the opportunity to engage in active and
sedentary pastimes,2 particularly during daylight hours. However,
studies have examined after-school PA and SB during a variety of
periods, including 1:05 pm–bedtime,3 3 pm–5pm,1 3 pm–7:30 pm,4 3
pm–11:30 pm,5 3:30 pm–8:30 pm,6 4 pm–6 pm7 and from the school
bell until 6 pm.8 The variation in these deﬁnitions potentially
excludes important PA of varying intensities (e.g. light PA (LPA), such
as walking home from school; or moderate-to-vigorous PA (MVPA),
such as sports training) or SBs (e.g. TV viewing after dinner), or
could provide behavioural information that is not conducive to
discretionary PA and SB intervention development and delivery
(e.g. being dark outside).
It is unknown whether a standardised deﬁnition may result in an
under- or overestimation of children’s PA or SB during this period;
however, a standardised after-school period deﬁnitionwould enable
population comparisons of children’s PA and SB prevalence and
patterning. This will assist in establishing the contribution the
after-school period makes to the achievement of PA and SB
recommendations, and after-school intervention development and
implementation. A standardised deﬁnition does not diminish the
Journal compilation  Australian Health Promotion Association 2013 CSIRO Publishing www.publish.csiro.au/journals/hpja
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potential for children to accumulate PA and SB outside of this period,
although it has been identiﬁed as a ‘critical window’9 when PA and/
or SB interventions are likely to be highly amenable. The aim of the
present study was to compare children’s after-school behaviour
using three deﬁnitions of the after-school period, namely (1) end of
school to 6 pm; (2) end of school to dinner time; and (3) end of school
to sunset, to determine the extent of variability in PA and SB during
the after-school period depending on the deﬁnition used.
Methods
Participants
The present study was nested within the baseline data collection
of the randomised controlled trial Transform-Us! (ACTRN1260900
0715279; ISRCTN83725066). Grade 3 children (n= 1606) at 20 primary
schools in Victoria (Australia) received information explaining the
assessments and consent forms. Of these children, 551 consented to
wear accelerometers and inclinometers (34% response rate).
Assessments were conducted in February–June 2010.
Approval was obtained from Deakin University Human Research
Ethics Committee, the Victorian Department of Education and Early
Childhood Development and the Catholic Education Ofﬁce.
Measures
Period time points
Schools provided the end of school bell times. Parents of consenting
children were asked to complete a 2-day after-school log, marking
when their child ate dinner. Sunset times for these days were
obtainedusing theNationalMappingDivision’s Sunrisenset Program
(version 2.2; Australian Government Geoscience, Symonston, ACT,
Australia). From this the three after-school periods were created that
were speciﬁc to each child: (1) endof school to 6pm; (2) endof school
to dinner time; and (3) end of school to sunset.
After-school PA, SB and sitting time
Childrenwereﬁttedwith aGT3XActigraphaccelerometer (Actigraph,
Pensacola, FL, USA), which provides objective estimates of PA and
sedentary time and has acceptable validity among children.10
Accelerometers were worn on a belt at the child’s right hip and
collected data in 15-s epochs.11 Tomeasure sitting time, a subsample
of children also wore an activPAL inclinometer (PAL Technologies,
Glasgow, UK). The inclinometer classiﬁes activity into periods of
sitting and/or lying down, standing and stepping12 and has
acceptable validity in adults13,14 and pre-school children.15 The
activPAL was worn on an elastic garter positioned at themidanterior
aspect of the right thigh. Both units were worn during waking hours
(excluding water-based activities) for 8 consecutive days.
Data management and analysis
Accelerometer data were downloaded using Actilife Lifestyle
Monitoring System (v5.1; Actigraph), whereas activPAL data were
downloaded using activPAL Professional (v8.3.5; PAL Technologies).
The PAL data ﬁles were transformed into Excel ﬁles reporting time
spent sitting/lying (SIT), standing and stepping in 15-s epochs. Raw
accelerometer data ﬁles and transformed PAL ﬁles were run through
speciﬁcally developed Excel macros to determine non-wear time
(10 consecutiveminutes of zero counts).Wear time criteriawere set
at 70% of the period for inclusion in analysis. Using age-speciﬁc
accelerometer cut-off points,16 children’s accelerometer-derived
sedentary time (SED; 1.5 metabolic equivalents (METs), deﬁned as
<100 counts min–1), LPA (1.6–3.9 METs), moderate PA (MPA; 4.0–5.9
METs) and MVPA (4.0 METs) were calculated. The PA, SED and SIT
data were matched to the 2 days that the after-school log was
completed andwere extracted for the three after-school periods that
were calculated for that child. The proportion of each of the three
periods spent engaged in SED, LPA, MPA, MVPA and SIT was then
calculated. Figure 1 shows an example of the accelerometer data for
one participant.
Meanvalues and95%conﬁdence intervals (CI)were calculated for the
proportion of time children spent in SED, LPA, MPA, MVPA and SIT
during the three after-school periods. Signiﬁcant differences were
determined by examining whether the 95% CIs overlapped. The
median and range for the end of school, sunset and dinner times
were calculated for descriptive purposes.
Results
Three hundred and eight children (aged 8 years; 42% boys) had
ActiGraph and after-school log data and 112 children had activPAL
and after-school log data. The median end of school, dinner and
sunset times were 3:30 pm (no variation), 6:20 pm (range 3:30
pm–8:40 pm; however, only four children reported dinner at 3:30 pm)
and 5:53 pm (range 5:07 pm–7:34 pm), respectively.
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Fig. 1. Example of one child’s accelerometer measured after-school
behaviours during the three periods examined (end of school to 6 pm
(18:00 hours), end of school to dinner time and end of school to sunset). SED,
sedentary time; LPA, light physical activity; MVPA, moderate-to-vigorous
physical activity.
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The proportion of time spent in SED, LPA, MPA, MVPA and SIT from
end of school to 6 pm (Period 1), end of school to dinner time (Period
2) and end of school to sunset (Period 3) is given in Table 1. The
maximum difference in the proportion of time spent in these ﬁve
behaviours during these three periods was 2%. There were no
signiﬁcant differences between the three after-school periods for
each of the behaviours assessed because all 95% CIs overlapped.
Discussion
The present study is the ﬁrst to determine the extent of variability in
children’s PA and SB during the after-school period depending on
the deﬁnition used. The results of the present study showed no
signiﬁcant differences in the proportion of time children spent in
accelerometer-determined SED time, LPA,MPAorMVPA, or activPAL-
determined SIT between end of school bell time to children’s dinner
time, endof school bell time to sunset time and the endof school bell
time to 6 pm. Therefore, in relation to Australian primary school
children’s PA andSB in the after-school period, a standardised timeof
end of school bell time to 6:00 pm may be used to signify the
beginning and end of the after-school period, respectively. Further,
given the variability of children’s dinner times and the changes in
sunset times across seasons, end of school bell time to 6:00 pm is a
feasible time period to use in large population studies because it
would eliminate methodological issues that may arise when using
different times for different children or seasons.
Limitations of the present study include the generalisability of the
ﬁndings to other countries, where children’s school days may
conclude at different times. In addition, objective measures do not
provide behavioural information, which may be important for the
development of interventions. Nevertheless, the use of objective
measures of PA, SB and sitting time is a study strength, as is the use of
time markers (i.e. end of school, dinner and sunset times) speciﬁc to
each child.
Conclusion
There were no signiﬁcant differences in the proportion of time
Australian children spent in SED, LPA, MPA, MVPA or SIT between the
three after-school periods. Therefore, the use of a standardised time
period (end of school bell time to 6:00 pm) adequately represents
children’s after-school PA and SB behaviours and may be used in
future studies.
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Table1. Proportionof timespent inaccelerometer-derivedsedentary,
light, moderate and moderate-to-vigorous physical activity, as well as
inclinometer-derived sitting during three after-school periods
Data show mean values with 95% conﬁdence intervals in parentheses. SED,
sedentary time; LPA, light physical activity; MPA, moderate physical activity;
MVPA, moderate-to-vigorous physical activity; SIT, sitting time
Period 1
(end of school
to 6:00 pm)
Period 2
(end of school to
dinner timeA)
Period 3
(end of school
to sunset timeB)
Accelerometer
SED 47.5% (46, 49) 47.3% (45, 49) 47.0% (46, 48)
LPA 24.7% (24, 25) 24.6% (24, 25) 24.6% (24, 25)
MPA 21.7% (21, 23) 22.0% (21, 23) 22.0% (21, 23)
MVPA 27.9% (27, 29) 28.2% (27, 30) 28.3% (27, 30)
ActivPAL
SIT 48.9% (46, 52) 47.7% (45, 52) 47.3% (45, 52)
AObtained from the after-school log.
BObtained from the National Mapping Division’s Sunrisenset Program
(version 2.2; Australian Government Geoscience, Symonston, ACT, Australia).
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CHAPTER FIVE    
Paper Four: Contribution of the after-school period 
to children’s daily participation in physical activity 
and sedentary behaviours 
The standardised definition of the after-school period produced in Chapter Four 
will be used for the remaining studies included in this thesis. Using this definition, 
a precise and comparable examination of the cross-sectional prevalence rates of 
children’s after-school physical activity and sedentary behaviour can be 
performed. Further, calculation of the contribution the after-school period makes 
to children’s daily behaviour levels can be conducted. The following paper 
provides a cross-sectional examination of children’s after-school physical activity 
and sedentary behaviour and the contribution the behaviours accrued during this 
period make to children’s daily behaviours. This paper is published in PLoS One 
(Impact factor: 3.23) as: 
Arundell L, Hinkley T, Veitch J, Salmon J. 2015. Contribution of the After-School 
Period to Children's Daily Participation in Physical Activity and Sedentary 
Behaviours. PLoS One, 10: e0140132. 
The Authorship Statement for this manuscript is contained in Appendix 5.1
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Contribution of the After-School Period to
Children’s Daily Participation in Physical
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Abstract
Objectives
Children’s after-school physical activity (PA) and sedentary behaviours (SB) are not well
understood, despite the potential this period holds for intervention. This study aimed to
describe children’s after-school physical activity and sedentary behaviours; establish the
contribution this makes to daily participation and to achieving physical activity and seden-
tary behaviours guidelines; and to determine the association between after-school moder-
ate- to vigorous-intensity physical activity (MVPA), screen-based sedentary behaviours and
achieving the physical activity and sedentary behaviour guidelines.
Methods
Children (n = 406, mean age 8.1 years, 58% girls) wore an ActiGraph GT3X accelerometer.
The percentage of time and minutes spent sedentary (SED), in light- physical activity (LPA)
and MVPA between the end-of-school and 6pm (weekdays) was calculated. Parents (n =
318, 40 years, 89% female) proxy-reported their child’s after-school participation in screen-
based sedentary behaviours. The contribution that after-school SED, LPA, MVPA, and
screen-based sedentary behaviours made to daily levels, and that after-school MVPA and
screen-based sedentary behaviours made to achieving the physical activity/sedentary
behaviour guidelines was calculated. Regression analysis determined the association
between after-school MVPA and screen-based sedentary behaviours and achieving the
physical activity/sedentary behaviours guidelines.
Results
Children spent 54% of the after-school period SED, and this accounted for 21% of children’s
daily SED levels. Boys spent a greater percentage of time in MVPA than girls (14.9% vs.
13.6%; p<0.05), but this made a smaller contribution to their daily levels (27.6% vs 29.8%;
p<0.05). After school, boys and girls respectively performed 18.8 minutes and 16.7 minutes
of MVPA, which is 31.4% and 27.8% of the MVPA (p<0.05) required to achieve the physical
activity guidelines. Children spent 96 minutes in screen-based sedentary behaviours,
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contributing to 84% of their daily screen-based sedentary behaviours and 80% of the sed-
entary behaviour guidelines. After-school MVPA was positively associated with achieving
the physical activity guidelines (OR: 1.31, 95%CI 1.18, 1.44, p<0.05), and after-school
screen-based sedentary behaviours were negatively associated with achieving the seden-
tary behaviours guidelines (OR: 0.97, 95%CI: 0.96, 0.97, p<0.05).
Conclusions
The after-school period plays a critical role in the accumulation of children’s physical activity
and sedentary behaviours. Small changes to after-school behaviours can have large
impacts on children’s daily behaviours levels and likelihood of meeting the recommended
levels of physical activity and sedentary behaviour. Therefore interventions should target
reducing after-school sedentary behaviours and increasing physical activity.
Introduction
In spite of the evidence of detrimental health outcomes [1,2], children in developed countries
perform suboptimal levels of physical activity (PA) and excessive amounts of sedentary behav-
iour (SB) [3–5]. Sedentary behaviours has been defined as “any waking activity characterized
by an energy expenditure1.5 metabolic equivalents and in a sitting or reclining posture” [6].
Current sedentary behaviours guidelines recommend children in many countries limit their
electronic media use/screen-based sedentary behaviours to less than two hours (120 minutes)
per day [7,8]. In addition, physical activity guidelines state that for health and other benefits
children should perform at least 60 minutes of moderate- to vigorous-intensity physical activity
(MVPA) every day [7,9,10]. However, in 2011–2012 only 7.8% and 7.1% of Australian 5–17
year old boys and girls, respectively, achieved both of these guidelines (i.e.60 minutes of
MVPA/day and120 minutes of recreational screen-based sedentary behaviour/day) [11].
The after-school period, recently defined as the end-of-school to 6pm [12], has been identi-
fied as a key period for the accumulation of children’s physical activity and sedentary behav-
iours [13] and for potential intervention implementation. The varying timeframes previously
used to define the after-school period (e.g. 3.30–8.30pm [14] and 4-6pm [15]) and the different
locations and contexts of previous research (e.g. attending after-school programs [16]) make
direct comparisons between studies of after school behaviours difficult. However, behaviours
performed after-school can make a significant contribution to daily activities with up to half of
children’s daily steps performed after school [17] and up to 72% of daily TV viewing occurring
between 3pm-9pm [18]. Further, evidence shows that the period becomes more important for
the accumulation of physical activity as children progress through primary (elementary) and
into secondary school [19]. Behaviours performed after school may also contribute to daily
physical activity and sedentary behaviour levels, and impact the likelihood of children achiev-
ing guidelines for health. Although this is currently unknown, an understanding of how the
after-school period contributes to daily physical activity and sedentary behaviour levels and
impacts the possibility of achieving guidelines would provide further rationale for interventions
to target this period.
Subsequently, the aims of this study were to: 1) identify the percentage of the after-school
period boys and girls spend in objectively measured sedentary behaviour (SED), light-intensity
physical activity (LPA), MVPA and proxy-reported screen-based sedentary behaviours; 2)
Children’s After-School Behaviours
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identify how the after-school period contributes to daily levels of SED, LPA MVPA and screen-
based sedentary behaviour; 3) identify how the after-school period contributes to achieving the
physical activity and sedentary behaviours guidelines among boys and girls (i.e.60 minutes
of MVPA/day and120 minutes of screen-based sedentary behaviour/day); and 4) examine
the association between after-school MVPA and sedentary behaviours and the odds of achiev-
ing the physical activity/sedentary behaviours guidelines during weekdays.
Methods
This study used baseline data from the Transform-Us! intervention (ACTRN 12609000715279;
ISRCTN 83725066). Transform-Us! targeted children’s physical activity and sedentary behav-
iours and the methods for that intervention have been described in detail elsewhere [20]. In
brief, 595 grade 3 children (total n = 1606; response rate 37%) were recruited from 20 randomly
selected primary (elementary) schools. The schools were within a 50km (31 miles) radius of the
city of Melbourne, Australia, had an enrolment of over 300 students, and were stratified by
socioeconomic status (SES; 8 of 41 schools in low SES areas and 12 of 96 schools in mid- to
high-SES areas). For the current study, the children’s baseline accelerometer data and parent
proxy-report data (collected Feb—Jun 2010) were used. Details of each of these measures are
provided below.
Ethics Statement
Ethical approval was obtained from the Deakin University Human Research Ethics Committee,
the Victorian Department of Education and Early Childhood Development and the Catholic
Education Office. Written parental consent and child assent to complete the assessments were
obtained prior to participation.
Demographics
Children reported their age and sex and parent’s self-reported their highest level of education.
Accelerometer-assessed physical activity and sedentary time
Children were fitted with a GT3X Actigraph accelerometer (Pensacola, FL) by trained research-
ers during class time and were informed that the monitors assess how active they are. Acceler-
ometers have been shown to have acceptable validity among children [21]. Children were
asked to wear the unit for eight consecutive days (excluding water-based activities and sleep
time) on their right hip using an elastic belt. Data were collected in 15-second epochs [22] and
downloaded using Actilife Lifestyle Monitoring System, Version 5.1. To determine whether
there may be some bias in physical activity levels, children who achieved 3 valid weekdays of
accelerometer data were compared with those who achieved 4 or 5+ days; we examined after
school and daily MVPA and found no differences in MVPA levels (data not shown).
Proxy-report after-school screen-based sedentary behaviours
Parents’ proxy reported their child’s behaviour as evidence suggests that children younger than
10 years cannot reliably report the duration of their activities [23]. Parents reported the dura-
tion that their child spent during a typical school week (Monday-Friday) after school and dur-
ing the entire day in the following screen-based sedentary behaviours: 1) watching TV/videos/
DVDs; 2) playing Play Station/Nintendo/computer games; and 3) using the computer/internet
(excluding games). These survey times were based on reliable survey items from the Children's
Leisure Activities Study Survey (CLASS) [23]. The reliability of the modified survey items was
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assessed through a 7-day test re-test reliability study, with participants from a convenience-
sampled Melbourne primary school in 2009 (n = 49, mean age 41.9 ±4.8 years; 75% female).
The reliability of the proxy-report screen time behaviours was determined using intraclass cor-
relation coefficients (ICC) which were considered fair (<0.5), moderate (0.5–0.74) or high
(0.75) [24]. Two of the after-school screen-based sedentary behaviours items showed moder-
ate reliability (ICC:>0.6) and the remaining item (after-school computer/internet) showed
fair reliability (ICC: 0.4). Two of the daily screen-based sedentary behaviours items showed fair
(ICC>0.4) reliability and the remaining item (playing Play Station/Nintendo/computer
games) showed moderate reliability (ICC:>0.6).
Data management and analysis
Specifically developed excel macros and Stata code (State 12) were used to analyse the raw
accelerometer data files. Data from the end-of-school (end-of-school time data collected from
the school, mode = 15:30) to 6pm were extracted for analysis. Non-wear time was considered
20 consecutive minutes of zero counts in line with the most commonly used definition as
identified in a recent review of children’s accelerometer studies [25] and because it provides the
most accurate estimate of children’s sitting time [26]. Children were required to have 8+ hours
of valid data on at least three weekdays [27] and to have data for at least 50% of the after-school
period on each of those days [19] to be included in the analysis of daily behaviours and the
after-school period respectively.
Previously established age-specific cut-points [28] were used to calculate children’s LPA
(1.6–3.9 METs) and MVPA (4 METs) during the after-school period. MVPA was defined as
4 METs as calibration studies have shown that the energy expenditure of brisk walking is
approximately 4 METs among children and adolescents [29]. SED was defined as<100 counts.
min-1 which is the cut point that most closely represents sitting time among children [30]. This
also corresponds with the Sedentary Behaviour Research Network’s sedentary behaviours
definition as sitting has a MET value of up to 1.5 among children [31]. The percentage of the
after-school period in which children participated in SED, LPA and MVPA was calculated.
The contribution of each of these to daily SED, LPA and MVPA was calculated as: (minutes in
intensity during the after-school period/minutes in intensity during the entire day)100. The
contribution that MVPA performed during the after-school period made to achieving the
physical activity guidelines on weekdays was calculated as: (minutes in MVPA during the
after-school period/60)100. MVPA data were positively skewed so were log transformed prior
to all analyses. To aid in interpretability, the untransformed data were also analysed and results
reported.
Mean daily time in after-school screen-based sedentary behaviours was calculated by sum-
ming the durations spent in each screen-based sedentary behaviours and dividing by five. The
contribution of after-school screen-based sedentary behaviours to total daily screen-based sed-
entary behaviours was calculated as: (minutes in screen-based sedentary behaviours time dur-
ing the after-school period/minutes in screen-based sedentary behaviours during the entire
day)100. The contribution that screen-based sedentary behaviours performed during the
after-school period made to achieving the sedentary behaviours guidelines (on weekdays was
calculated as: (minutes in screen-based sedentary behaviours after-school/120)100. T-tests
were used to assess sex differences between the behaviour intensities. Logistic regression was
performed to determine the likelihood of achieving the physical activity guidelines based on
the percentage of the after-school period spent in MVPA. Logistic regression was also per-
formed to determine the likelihood of achieving the sedentary behaviour guidelines based on
the time spent in screen-based sedentary behaviours during the after-school period. Both
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models were adjusted for clustering by school and the covariates of age, sex and maternal edu-
cation. There was no interaction between sex and achieving the physical activity guidelines,
therefore all children were analysed together.
Results
The final sample consisted of 406 children who had valid survey and accelerometer data for the
after-school period (68% of sample). Of these, 359 also had valid accelerometer data for the
entire day (mean age 8.1 years ±0.47; 58% girls). Three-hundred and eighteen parents (mean
age 39.5 years ±5.09; 89% female) completed a survey. There were no differences in age or sex
among the children with and without parent proxy-report data. Table 1 shows that both boys
and girls spent over half of the after-school period SED (53.7%), almost a third in LPA (32.2%)
and 14.1% in MVPA. On average, children spent over an hour SED during the after-school
period and approximately 41 minutes in LPA (no sex differences). Boys performed signifi-
cantly more MVPA after school than girls (18.8 [±9.75] minutes vs 16.7 [±8.03] minutes).
During the entire day children spent 60.3% of their time SED, 29.2% in LPA and only 10.6%
in MVPA. Girls spent a significantly greater percentage of time in LPA than boys, whereas
boys spent a greater percentage of time in MVPA than girls during both the after-school period
and the entire day. The after-school period accounted for more than one-fifth of children’s
daily SED (20.8%) and 27.6% and 29.8% of daily MVPA for boys and girls respectively. The
Table 1. The meanminutes and percentage of the after-school period spent in sedentary time (SED), light- (LPA) andmoderate- to vigorous-inten-
sity physical activity (MVPA), and the contribution to daily behaviour and achieving the physical activity (PA) guidelines.
All children
(n = 406)
Boys (n = 172) Girls
(n = 234)
Mean percentage of time spent SED and in PA during the after-school period % (±SD)
SED 53.7 (±9.96) 54.8 (±10.09) 52.9 (±9.80)
LPA 32.2 (±6.96) 30.4 (±6.67)* 33.5 (±6.86)
MVPA 14.1 (±6.08) 14.9 (±6.26)* 13.6 (±5.89)
Mean time (mins) spent SED and in PA during the after-school period (±SD)
SED 62.3 (±16.82) 62.9 (±16.89) 61.8 (±16.79)
LPA 40.9 (±13.64) 38.6 (±13.25) 42.6 (±13.70)
MVPA 17.6 (±8.85) 18.8 (9.75)* 16.7 (8.03)
Mean percentage of time spent SED and in PA during the whole day % (±SD) All children
(n = 359)
Boys (n = 153) Girls
(n = 206)
SED 60.3 (±6.25) 59.9 (±6.33) 60.5 (±6.20)
LPA 29.2 (±4.62) 28.5 (±4.56)* 29.6 (±4.62)
MVPA 10.6 (±3.04) 11.5 (±3.01)* 9.9 (±2.87)
Mean contribution of SED and PA time during the after-school period to daily behaviour
% (±SD)
All children
(n = 359)
Boys (n = 153) Girls
(n = 206)
SED 20.8 (±4.67) 21.4 (±4.97)* 20.4 (±4.38)
LPA 25.0 (±6.08) 24.1 (±6.23)* 25.7 (±5.87)
MVPA 28.8 (±9.35) 27.6 (±9.52)* 29.8 (±9.14)
Mean contribution of after-school MVPA to achieving PA guidelines§ % (±SD) 29.3 (±14.75) 31.4 (±16.25)* 27.8 (±13.38)
Weekday wear time (mean mins/day) 705.6 (±76.7) 717.0 (±78.48)* 697.4
(±74.45)
Sex differences
*p<0.05
§physical activity guidelines: 60 minutes of MVPA per day.
doi:10.1371/journal.pone.0140132.t001
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after-school period made a significantly larger contribution to boys’ daily SED than girls’
(21.4% vs 20.4%, p<0.05). Conversely, the period made a significantly larger contribution to
girls’ LPA and MVPA than boys’ (LPA: 24.1% vs 25.7%, p<0.05; MVPA: 27.6% vs 29.8%,
p<0.05). After school, boys and girls performed 31% and 28% of the MVPA needed to reach
the guidelines of60 minutes of MVPA per day.
Significantly more boys than girls achieved the physical activity guidelines (60 minutes of
MVPA) on weekdays (69.5% vs 47.7% respectively, p<0.01); however, there were no differ-
ences in the percentage of boys and girls who achieved the sedentary behaviour guidelines
(120 minutes screen-based sedentary behaviours) on weekdays (58.7% and 59% respectively).
When comparing the percentage of children who achieved both the physical activity and sed-
entary behaviour guidelines (i.e.60 minutes of MVPA and120 minutes screen-based sed-
entary behaviours), more boys than girls achieved both guidelines on weekdays (42.7% vs
27.3% respectively, p<0.05).
Data from the parent proxy-report of after-school and daily screen-based sedentary behav-
iours is shown in Table 2. Boys and girls spent 94.8 (±59.01) and 97.2 (±61.67) minutes, respec-
tively, during the entire day in screen-based sedentary behaviours. After-school boys and girls
performed 113.4 (±89.90) and 109.3 (±80.32) minutes respectively of screen-based sedentary
behaviours. The after-school period contributed to 84% of children’s daily screen-based seden-
tary behaviours and 80% of the maximum screen-based sedentary behaviours recommended
for children (120 minutes/day). There were no sex differences in daily or after-school screen-
based sedentary behaviours.
Results of the logistic regression showed that the odds ratio of achieving the physical activity
guidelines was 1.31 (95%CI: 1.18, 1.44, p<0.01). Therefore, for each 1% increase in percentage
of the after-school period spent in MVPA, children have a 31% increased likelihood of achiev-
ing the physical activity guidelines of60 minutes of MVPA per day. Logistic regression also
showed the odds ratio of achieving the sedentary behaviour guidelines was 0.97 (95% CI: 0.96,
0.97, p<0.01). For each 1% increase in screen-based sedentary behaviours during the after-
school period, children were 3% less likely to achieve the sedentary behaviour guidelines of
120 minutes in screen-based sedentary behaviours per day.
Discussion
This study highlights the importance of the after-school period for children’s physical activity
and sedentary behaviours participation and achieving the associated guidelines. Results showed
a 31% increase in likelihood of achieving the physical activity guidelines for every 1% increase
Table 2. Parental proxy-reported screen-based sedentary behaviours during the after-school period (meanminutes ±SD), and the contribution to
daily screen-based sedentary behaviours (±SD) and achieving the sedentary behaviour (SB) guidelines (±SD).
All children
(n = 318)
Boys
(n = 136)
Girls
(n = 182)
After-school screen-based sedentary behaviours minutes (±SD) 96.16 (±60.45) 94.8 (±59.01) 97.19
(±61.66)
Daily screen-based sedentary behaviours minutes (±SD) 111.0 (±84.32) 113.4
(±89.80)
109.3
(±80.32)
Contribution of after-school screen-based sedentary behaviours to daily screen-based
sedentary behaviours % (±SD)
83.6 (±22.92) 83.2 (±20.93) 83.9 (±24.35)
Contribution of after-school screen-based sedentary behaviours to achieving the sedentary
behaviours guidelines§ % (±SD)
80.1 (±50.38) 78.9 (±49.17) 80.9 (±51.34)
§sedentary behaviour guidelines: 120 minutes of screen-based sedentary behaviour per day
doi:10.1371/journal.pone.0140132.t002
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in the after-school period spent in MVPA. If this finding was extrapolated for an average child
in the current study, a 1% shift (for instance, from 14% to 15% of the after-school period in
MVPA) would increase MVPA from 21 minutes to 22.5 minutes during an after-school period
of 150 minutes (e.g. 3.30-6pm). We also conducted the analysis with minutes of after-school
MVPA as the predictor. Results were very similar and therefore are not presented. After-school
screen-based sedentary behaviours participation was associated with a reduced likelihood of
achieving the sedentary behaviours guidelines. For every additional 10 minutes of screen-based
sedentary behaviours, children are 30% less likely to meet the sedentary behaviours guidelines
further highlighting the need to reduce after-school screen-based sedentary behaviours.
Children perform the majority of their daily screen-based sedentary behaviours during the
after-school period and almost reach the maximum recommended amount of daily screen-
based sedentary behaviours during this period alone. Previous research has investigated if chil-
dren meet or exceed the sedentary behaviour guidelines on a daily basis [7,11]. However, the
current study produces additional data on when the screen-based sedentary behaviours are
actually occurring, providing valuable information regarding the time of day that interventions
should be implemented.
Although less than 15% of children’s time after school is spent in MVPA, this contributed
almost a third of children’s daily MVPA, highlighting the crucial role the after-school period
plays in the accumulation of children’s daily physical activity. Although girls spent a lower per-
centage of the after-school period in MVPA, that percentage made a larger contribution to
girls’ total daily physical activity (both LPA and MVPA) than boys’ after-school physical activ-
ity. This suggests that the after-school period is a key time of the day to target these behaviours
among girls as they perform MVPA at lower levels than boys during other times of the day
(e.g. recess and lunchtime [32]). In contrast, although the majority of children’s time was spent
sedentary in the after-school period, the contribution of this period to daily sedentary levels
was the smallest across the activity intensities measured. Children must therefore also be
spending large volumes of time sedentary during other periods of the day, such as school class
time [30]. However, there is a great opportunity to reduce sedentary behaviour by targeting the
after-school period.
Previous studies have shown boys participate in more physical activity [33,34] and specifi-
cally more MVPA after school than girls [35]. This was also found in the current study as boys
engaged in MVPA for a greater percentage of the day and the after-school period than their
female counterparts. The sex differences was also seen when examining the duration (minutes)
of MVPA performed after school. However, girls performed more LPA after school than boys,
which may be attributed to active transport or active free play after school. Investigation into
the actual behaviours that children perform after school may help us further understand these
differences and provide targets for interventions in the after-school period.
In comparison to children in other studies and countries, the current sample spent a smaller
percentage of the after-school period in SED, and a greater percentage of time in LPA and
MVPA than Canadian 11 year olds [36]. Compared to a sample of children from Sydney (5–7
years), the current sample spent less time sedentary (106 minutes), more time in LPA (90.6
minutes) and more time in MVPA (14.5 minutes) after school [37]; however, the after-school
period used among the Sydney sample was longer than the period examined in the current
study (3:30-7pm compared to end-of-school to 6pm). The current sample performed similar
levels of daily MVPA to 6–19 year old Canadian children (57 minutes/day) [38] but less than
New Zealand 10–14 year old children (102 minutes/day) [39]. Further, a greater proportion of
the current sample achieved the physical activity guidelines than 7–8 year olds from England
(51%) [40], yet fewer achieved them than New Zealand 10–14 year olds [39]. In regards to
achieving the sedentary behaviours guidelines, a smaller proportion of the current sample
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achieved the guidelines than Canadian 5–11 year olds (69%) [41], but a greater proportion
achieved them than 11–15 year old Scottish youth (76%) [42]. These variations may be due to
sampling and age differences, and could also be due to sociocultural, policy and/or environ-
mental differences between countries. However, purpose-designed representative samples that
use a consistent methodology (e.g., the Health Behavior in School-Aged Children survey [43])
are needed to better examine these differences in physical activity and sedentary behaviours
estimates during the after-school period between studies (and countries).
This is the first study to determine how important the after-school period is for children’s
likelihood of achieving the physical activity and sedentary behaviour guidelines. In particular,
findings highlight the large impact that very small changes in after-school physical activity can
have on the probability of children meeting the physical activity guidelines (31% more likely to
meet the guidelines for every 1% increase in time spent in MVPA during the after-school
period). It is therefore important to develop interventions that target increases in children’s
physical activity and reductions in sedentary behaviour and screen-based sedentary behaviours
during the after-school period. For example, active homework strategies [20] may target both
physical activity and sedentary behaviour levels. Introducing after-school dance classes to Afri-
can-American girls has also been shown to successfully increase physical activity levels and
reduce TV/video viewing and video game use [44]; these strategies may be adapted to different
target populations. Further, time spent outdoors [45] is consistently shown to be associated
with physical activity and the after-school period provides a feasible opportunity to promote
outdoor play and subsequently physical activity.
Strengths and limitations
The response rate was 37% and as such it is not known if these children were representative of
the broader sample. As parents are not with their child during some parts of the day (e.g. school
hours), they may not be able to recall their screen-based sedentary behaviours during this time
which may impact their reporting of daily screen-based sedentary behaviours duration. Fur-
ther, the objective measure of sedentary time may include time when children are standing and
not moving as it is not a direct measure of sitting. Also, the proxy-report measure did not ask
specifically for the time engaged in specific sedentary behaviours while sitting. However, the
collection of objective measures of physical activity and overall SED and proxy-report screen-
based sedentary behaviours duration during the after-school period (when parents are often
with their child) is a strength of this study as this provided the intensity and duration of after-
school behaviours performed by young children. This information may be used to enhance the
effectiveness of interventions which target after-school physical activity and sedentary behav-
iour. Future research should also examine other contextual factors that may be related to chil-
dren’s after-school behaviours (e.g. who the child is with, where they are and SES) and collect
detailed information on the type of physical activity (e.g. basketball, running) and sedentary
behaviours (reading, sitting in a car) they are performing to further tailor after-school
interventions.
Conclusion
After school, children perform 80% of the maximum daily recommendation for screen-based
sedentary behaviour but less than 30% of the daily MVPA recommended for health. After-
school MVPA is positively associated with achieving the physical activity guidelines and after-
school screen-based sedentary behaviours are negatively associated with achieving the seden-
tary behaviour guidelines. However, more than half of the after-school period is spent in
screen-based sedentary behaviours and little time is spent in MVPA. Interventions should
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target reductions in sedentary behaviour and increases in physical activity during the after-
school period as the behaviours performed during this period make a large contribution to
daily levels and to achieving the associated guidelines.
Acknowledgments
The authors would like to thank Jacqui Reid and the Transform-Us! project staff for their assis-
tance with data collection; the Transform-Us! participants, and Eoin O’Connell for the excel
macros used to analyse the raw accelerometer data.
Author Contributions
Conceived and designed the experiments: LA TH JV JS. Performed the experiments: LA. Ana-
lyzed the data: LA. Contributed reagents/materials/analysis tools: LA TH JV JS. Wrote the
paper: LA TH JV JS.
References
1. Janssen I, Leblanc AG. (2010) Systematic review of the health benefits of physical activity and fitness
in school-aged children and youth. Int J Behav Nutr Phys Act 7:40. doi: 10.1186/1479-5868-7-40
PMID: 20459784
2. Tremblay M, LeBlanc A, Kho M, Saunders T, Larouche R, Colley R, et al. (2011) Systematic review of
sedentary behaviour and health indicators in school-aged children and youth. Int J Behav Nutr Phys
Act 8:98. doi: 10.1186/1479-5868-8-98 PMID: 21936895
3. The NHS Information Centre. Health Survey for England 2008. Leeds, United Kingdom: 2008.
4. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. (2008) Physical activity in the
United States measured by accelerometer. Med Sci Sports Exerc 40(1):181–8. PMID: 18091006
5. Active Healthy Kids Canada. Healthy Habits Start Earlier Than You Think. The Active Healthy Kids
Canada Report Card on Physical Activity for Children and Youth. Toronto, ON.: 2010.
6. Sedentary Behaviour Research N. (2012) Letter to the editor: standardized use of the terms "sedentary"
and "sedentary behaviours". Appl Physiol Nutr Metab 37(3):540–2. doi: 10.1139/h2012-024 PMID:
22540258
7. Australian Government Department of Health. Australia’s Physical Activity & Sedentary Behaviour
Guidelines for Children (5–12 years)2014. Available: http://www.health.gov.au/internet/main/
publishing.nsf/content/health-pubhlth-strateg-phys-act-guidelines#apa512.
8. Tremblay M, LeBlanc A, Janssen I, Kho M, Hicks A, Murumets K. (2011) Canadian sedentary behav-
iour guidelines for children and youth. Appl Physiol Nutr Metab 36(1):59–64. doi: 10.1139/H11-012
PMID: 21326378
9. Department of Health. Physical Activity Guidelines for Children and Young People (5–18 years). 2011.
10. Tremblay M, Warburton D, Janssen I, Patterson D, Latimer A, Rhodes R, et al. (2011) New Canadian
physical activity guidelines. Appl Physiol Nutr Metab 36:36–46. doi: 10.1139/H11-009 PMID:
21326376
11. Australian Bureau of Statistics. Australian Health Survey: Physical Activity, 2011–12. cat no.
4364.0.55.004 Canberra: Commonwealth of Australia, 2013.
12. Arundell L, Salmon J, Veitch J, O'Connell E, Hinkley T, Hume C. (2013) Standardising the 'after-school'
period for children's physical activity and sedentary behaviour. Health Promot J Austr 24(1):65–7. doi:
10.1071/HE12910 PMID: 23575592
13. Olds T, Wake M, Patton G, Ridley K, Waters E, Williams J, et al. (2009) How do school-day activity pat-
terns differ with age and gender across adolescence? J Adolesc Health 44(1):64–72. doi: 10.1016/j.
jadohealth.2008.05.003 PMID: 19101460
14. Cooper A, Page A, Wheeler B, Hillsdon M, Griew P, Jago R. (2010) Patterns of GPSmeasured time
outdoors after school and objective physical activity in English children: the PEACH project. Interna-
tional Journal of Behavioral Nutrition and Physical Activity 7(1):31.
15. Hesketh K, GrahamM,Waters E. (2008) Children's after-school activity: associations with weight status
and family circumstance. Pediatr Exerc Sci 20(1):84–94. PMID: 18364537
Children’s After-School Behaviours
PLOS ONE | DOI:10.1371/journal.pone.0140132 October 30, 2015 9 / 11
94
16. Trost SG, Rosenkranz RR, Dzewaltowski D. (2008) Physical activity levels among children attending
after-school programs. Medicine and Science in Sport and Exercise 40(4):622–9. doi: 10.1249/MSS.
0b013e318161eaa5 PMID: 18317385
17. Flohr JA, Todd MK, Tudor-Locke C. (2006) Pedometer-assessed physical activity in young adoles-
cents. Res Q Exerc Sport 77(3):309–15. PMID: 17020075
18. Hager RL. (2006) Television viewing and physical activity in children. J Adolesc Health 39(5):656–61.
PMID: 17046501
19. Arundell L, Ridgers ND, Veitch J, Salmon J, Hinkley T, Timperio A. (2013) 5-year changes in after-
school physical activity and sedentary behavior. Am J Prev Med 44(6):605–11. doi: 10.1016/j.amepre.
2013.01.029 PMID: 23683978
20. Salmon J, Arundell L, Hume C, Brown H, Hesketh K, Dunstan DW, et al. (2011) A cluster-randomized
controlled trial to reduce sedentary behavior and promote physical activity and health of 8–9 year olds:
The Transform-Us! Study. BMC Public Health 11.
21. Trost S, Ward D, Moorehead S, Watson P, Riner W, Burke J. (1998) Validity of the computer science
and applications (CSA) activity monitor in children. Medicine and Science in Sport and Exercise
30:629–33. PMID: 9565947
22. Bailey R, Olson J, Pepper S, Porszasz J, Barstow T, Cooper D. (1995) The level and tempo of chil-
dren's physical activities: an observational study. Medicine and Science in Sports and Exercise 27
(7):1033–41. PMID: 7564970
23. Telford A, Salmon J, Jolley D, Crawford D. (2004) Reliability and validity of physical activity question-
naires for children: the Children's Leisure Activities Study Survey (CLASS). Pediatr Exerc Sci 16
(1):64–78.
24. Sim J, Wright C. Research in Health Care: Concepts, Designs and Methods. Cheltenham: Stanley
Thornes Ltd; 2000.
25. Cain K, Sallis J, Conway T, Van Dyck D, Calhoon L. (2012) Using Accelerometers in Youth Physical
Activity Studies: A Review of Methods. Journal of Physical Activity & Health in press.
26. Janssen X, Basterfield L, Parkinson KN, Pearce MS, Reilly JA, Adamson AJ, et al. (2014) Sitting time
and changes in sitting time in children and adolescents: Impact of accelerometer data reduction deci-
sions. Sci Sports 29:S44–S.
27. Trost S, Pate R, Freedson P, Sallis J, Taylor W. (2000) Using objective physical activity measures with
youth: howmany days of monitoring are needed? Medicine and Science in Sport and Exercise 32
(2):426–31. PMID: 10694127
28. Trost SG, Pate RR, Sallis JF, Freedson PS, Taylor WC, Dowda M, et al. (2002) Age and gender differ-
ences in objectively measured physical activity in youth. Medicine & Science in Sports & Exercise 34
(2):350–5.
29. Trost SG, Loprinzi PD, Moore R, Pfeiffer K. (2011) Comparison of Accelerometer Cut Points for Predict-
ing Activity Intensity in Youth. Med Sci Sports Exerc 43(7):1360–8. doi: 10.1249/MSS.
0b013e318206476e PMID: 21131873
30. Ridgers ND, Salmon J, Ridley K, O'Connell E, Arundell L, Timperio A. (2012) Agreement between activ-
PAL and ActiGraph for assessing children's sedentary time. Int J Behav Nutr Phys Act 9:15. doi: 10.
1186/1479-5868-9-15 PMID: 22340137
31. Ridley K, Ainsworth B, Olds T. (2008) Development of a Compendium of Energy Expenditures for
Youth. International Journal of Behavioral Nutrition and Physical Activity 5(1):45.
32. Ridgers ND, Timperio A, Crawford D, Salmon J. (2011) Five-year changes in school recess and lunch-
time and the contribution to children's daily physical activity. Br J Sports Med.
33. Jago R, Fox K, Page A, Brockman R, Thompson J. (2010) Physical activity and sedentary behaviour
typologies of 10–11 year olds. International Journal of Behavioral Nutrition and Physical Activity 7
(1):59.
34. Brockman R, Jago R, Fox KR. (2010) The contribution of active play to the physical activity of primary
school children. Prev Med 51(2):144–7. doi: 10.1016/j.ypmed.2010.05.012 PMID: 20561971
35. Dzewaltowski DA, Ryan GJ, Rosenkranz RR. (2008) Parental bonding may moderate the relationship
between parent physical activity and youth physical activity after school. Psychol Sport Exerc 9
(6):848–54.
36. Stone MR, Faulkner GEJ. (2014) Outdoor play in children: Associations with objectively-measured
physical activity, sedentary behavior and weight status. Preventive Medicine 65:122–7. doi: 10.1016/j.
ypmed.2014.05.008 PMID: 24836417
37. Lau J, Engelen L, Bundy A. (2013) Parents' Perceptions of Children's Physical Activity Compared on
Two Electronic Diaries. Pediatric Exercise Science 25(1):124–37. PMID: 23406701
Children’s After-School Behaviours
PLOS ONE | DOI:10.1371/journal.pone.0140132 October 30, 2015 10 / 11
95
38. Canada AHK. The 2012 Active Healthy Kids Canada Report Card on Physical Activity for Children and
Youth. Canada: 2012.
39. Health Active Kids New Zealand. The New Zealand Physical Activity Report Card for Children and
Youth. Aukland, New Zealand: 2014.
40. Active Healthy Kids England. The 2014 Active Healthy Kids England Report Card on Physical Activity
for Children and Youth. England: 2014.
41. Canada AHK. The 2014 Active Healthy Kids Canada Report Card on Physical Activity for Children and
Youth. Toronto, Canada: 2014.
42. Active Healthy Kids Scotland. Child's Play 2013? Active Healthy Kids Scotland Report Card. Scotland:
2013.
43. Kalman M, Inchley J, Sigmundova D, Iannotti RJ, Tynjälä JA, Hamrik Z, et al. (2015) Secular trends in
moderate-to-vigorous physical activity in 32 countries from 2002 to 2010: a cross-national perspective.
Eur J Public Health 25 Suppl 2:37–40. doi: 10.1093/eurpub/ckv024 PMID: 25805785
44. Robinson T, Killen J, Kraemer H, Wilson D, Matheson D, Haskell W, et al. (2003) Dance and reducing
television viewing to prevent weight gain in African-American girls: the Stanford GEMS pilot study. Ethn
Dis 13(Suppl 1):S65–77.
45. Sallis JF, Prochaska JJ, Taylor WC. (2000) A review of correlates of physical activity of children and
adolescents. Medicine and Science in Sport and Exercise 32(5):963–75. PMID: 10795788
Children’s After-School Behaviours
PLOS ONE | DOI:10.1371/journal.pone.0140132 October 30, 2015 11 / 11
96
 97 
CHAPTER SIX                                                  
Paper Five: 5-Year Changes in Afterschool Physical 
Activity and Sedentary Behavior  
The cross-sectional examination of children’s after-school physical activity and 
sedentary behaviour levels and the contribution this makes to daily levels detailed 
in Chapter Five provides an overview of these behaviours. However, how these 
behaviours change over time is not well known. The following paper provides a 
longitudinal examination of children’s after-school physical activity and 
sedentary behaviour and the contribution the behaviours accrued during this 
period makes to children’s daily behaviours, describing how these change over 
five-years. This paper is published in the American Journal of Preventive 
Medicine (Impact factor: 4.527) as: 
Arundell L, Ridgers ND, Veitch J, Salmon J, Hinkley T, Timperio A. 2013. 5-year 
changes in afterschool physical activity and sedentary behavior. American 
Journal of Preventive Medicine 44(6):605-11. 
The Authorship Statement for this manuscript is contained in Appendix 6.1 and 
the Copyright Permission is contained in Appendix 6.2  
  
5-Year Changes in Afterschool Physical Activity
and Sedentary Behavior
Lauren Arundell, BAppSc, Nicola D. Ridgers, PhD, Jenny Veitch, PhD, Jo Salmon, PhD,
Trina Hinkley, PhD, Anna Timperio, PhD
Background: The afterschool period holds promise for the promotion of physical activity, yet little
is known about the importance of this period as children age.
Purpose: To examine changes in physical activity of children aged 5–6 years and 10–12 years and
their sedentary time in the afterschool period over 3 and 5 years, and to determine the contribution
of this period to daily physical activity and sedentary behavior over time.
Methods: Data from two longitudinal studies conducted in Melbourne, Australia, were used.
Accelerometer data were provided for 2053 children at baseline (Children Living in Active
Neighbourhoods Study [CLAN]: 2001; Health, Eating and Play Study [HEAPS]: 2002/2003); 756
at 3-year follow-up (time point 2 [T2]); and 622 at 5-year follow-up (T3). Light (LPA), moderate
(MPA) and vigorous (VPA) physical activity were determined using age-adjusted cut-points.
Sedentary time was deﬁned asr100 counts/minute. Multilevel analyses, conducted in April 2012,
assessed change in physical activity and sedentary time and the contributions of the afterschool
period to overall levels.
Results: Afterschool MPA and VPA decreased among both cohorts, particularly in the younger
cohort, who performed less than half of their baseline levels at T3 (MPA: T1¼24 minutes;
T3¼11 minutes; VPA: T1¼12 minutes; T3¼4 minutes). LPA also declined in the older cohort.
Afterschool sedentary time increased among the younger (T1¼42 minutes; T3¼64 minutes) and older
cohorts (T1¼57 minutes; T3¼84 minutes). The contribution of the afterschool period to overall MPA
and VPA increased in the older cohort from 23% to 33% over 5 years. In the younger cohort, the
contribution of the afterschool period to daily MPA and VPA decreased by 3% over 5 years.
Conclusions: The importance of the afterschool period for children’s physical activity increases
with age, particularly as children enter adolescence.
(Am J Prev Med 2013;44(6):605–611) & 2013 American Journal of Preventive Medicine
Introduction
The health beneﬁts of physical activity throughoutyouth are well established,1,2 and an emergingbody of evidence suggests that participation in
sedentary behaviors may have independent negative
health impacts,3,4 although prospective evidence is not
strong.5 Levels of children’s physical activity and seden-
tary behavior are, however, not optimal.6 Identifying the
most promising time periods in which to change
children’s health behaviors will assist future intervention
development.
The afterschool period increasingly is recognized as an
important and feasible time period in which to promote
increases in physical activity and reductions in sedentary
time among children.7–9 After school, children are not
restricted by school schedules and have the opportunity to
engage in discretionary active and sedentary pastimes,10
particularly during daylight hours. Inconsistent deﬁni-
tions of the afterschool period (e.g., 4PM–6PM,11 3:30PM–
8:30PM)12 make direct comparisons between studies
difﬁcult; however, it appears that children are engaging
in between 11 minutes of accelerometer-deﬁned moder-
ate-to-vigorous physical activity7 and 77 minutes of
pedometer-deﬁned physical activity13 after school. More-
over, the afterschool period can contribute up to 46% of
children’s daily activity levels14 and 52% of their daily
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steps.15 Boys consistently engage in more physical activity
after school than girls,11,15–17 and it appears that this time
period makes a larger contribution to daily physical
activity levels among boys than among girls.14
The prevalence of afterschool sedentary behaviors and
the contribution this periodmakes to daily sedentary time is
difﬁcult to ascertain as studies have used a range of methods
to assess behavior (e.g., TV log,14 self-report surveys of
screen-based sedentary behaviors, and social sedentary
behaviors17). Previous studies12,18,19 have used objective
measures of afterschool physical activity and sedentary
behavior; however, none have used objective measures to
examine changes in the afterschool period over time.
In the only longitudinal study to examine changes in
afterschool behavior over time, Wickel and colleagues20
found declines in total activity and increases in sedentary
behavior. However, their sample was followed over only a 2-
year period (from ages 9–11 years) and used self-report
measures.
Substantial changes may occur from early childhood to
late adolescence, particularly as children transition from
elementary to middle school. It is plausible that the
importance of the afterschool period to children’s and
adolescents’ overall physical activity levels may change as
children age. Identifying the contribution the afterschool
period makes to overall activity levels at various stages of
childhood is essential for informing the development of
interventions that target periods of the day when young
people are potentially most receptive to behavior change
strategies. The aim of this study was to investigate
changes in children’s afterschool physical activity and
sedentary time over 3 and 5 years, and to determine the
contribution of this period to children’s overall physical
activity and sedentary time as they age.
Methods
Data from the Children Living in Active Neighbourhoods Study
(CLAN)21 and the Health, Eating and Play Study (HEAPS)22 were
pooled for the current analysis. In brief, CLAN aimed to examine
the inﬂuence of the family environment on elementary school–
aged children’s physical activity and sedentary behavior over
time21; HEAPS examined family inﬂuences on children’s eating
behaviors and physical activity over 5 years.22 Ethical approval for
both studies was granted by the Deakin University Human
Research Ethics Committee, the Department of Education and
Training Victoria, and the Victorian Catholic Education Ofﬁce.
Parents provided informed written consent for their child’s
participation at each time point and adolescents also provided
informed written consent subsequent to baseline.
Sample
Elementary schools in metropolitan Melbourne, Australia, with an
enrollment4200 students were selected randomly and invited to
participate in CLAN and HEAPS. Forty-three schools (18 in low-,
seven inmiddle-, and 18 in high-SES areas) participated. At baseline
(T1), all children in Grade Prep (younger cohort, aged 5–6 years)
and Grades 5–6 (older cohort, aged 10–12 years) were invited to
participate. Consent was provided from 2782 children (CLAN:
n¼1220, 38% response rate; HEAPS: n¼1562, 42% response rate).
At baseline, parents in CLAN (T1¼2001) and HEAPS (T1¼2002/3)
were asked if they would be willing to be contacted about future
research. Those willing were invited to participate in two follow-up
measures conducted at 3 and 5 years post-baseline (CLAN:
T2¼2004, T3¼2006; HEAPS: T2¼2006, T3¼2008).
Measures
Demographic data. At each time point, parents reported their
marital status; highest level of education and employment status,
including those of their partner (if applicable); as well as their
child’s gender and date of birth. Maternal education was used as a
proxy of SES and was classiﬁed as low (some high school
attendance or less); medium (high school or trade certiﬁcate
completion); or high (tertiary education), consistent with previous
research.23 Across both studies, data were provided by 2689
parents at baseline, 822 parents at T2, and 695 parents at T3.
Physical activity and sedentary time. Physical activity and
sedentary time were measured objectively using a uni-axial Acti-
Graph 7164 accelerometer. Accelerometers have been validated for
assessing children’s physical activity and sedentary time in
laboratory and ﬁeld settings.24,25 The unit was worn on the right
hip for up to 8 consecutive days and measured movement in
1-minute epochs. Children were instructed to wear the monitor
during all waking hours, excluding water-based activities. For the
current study, the afterschool period was deﬁned as the end of the
school day, as determined by the school bell times (usually 3:30PM),
until 6PM on weekdays. This is consistent with a previous
longitudinal examination of children’s physical activity during
the afterschool period.20
Accelerometry Data Management
Accelerometer data were downloaded and initially checked for
compliance using ActiLife software. Data were then analyzed using
speciﬁcally developed Excel macros. Nonwear time was deﬁned
asZ20 consecutive minutes of zero counts, which commonly has
been used to deﬁne nonwear in children and adolescents.26
Children who provided valid afterschool and whole-day data on
at least 3 weekdays were included in analyses. A valid weekday was
deﬁned as a day on which the monitor was worn forZ610 minutes
(T1);Z647 minutes (T2); orZ635 minutes (T3). This represents
nonmissing counts for at least 80% of a standard measurement day,
which is deﬁned as the length of time that at least 70% of the sample
wore the monitor.27 In addition, children were required to have
worn the monitor for 50% of the afterschool period.28 At baseline,
2053 children were included in the analyses. At T2 and T3, 756
children (87.1% of sample monitored) and 622 children (87.7% of
sample monitored), respectively, met the inclusion criteria.
Data were analyzed using age-speciﬁc cut-points29 to determine
time spent in light physical activity (LPA: 1.5–3.99METs); moderate
physical activity (MPA: 4–5.99 METs); and vigorous physical
activity (VPA:Z6 METs). A 4-MET threshold was used to
represent MPA as brisk walking, which is often used to identify
MPA in calibration studies and has been associated with this level of
energy expenditure.30 Sedentary time (SED) was deﬁned asr100
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counts per minute.31 The average time spent in SED, LPA, MPA,
and VPA was computed for each valid day and each valid
afterschool period. The contribution of the afterschool period was
computed as a percentage for each valid day (duration of each
activity intensity in the afterschool period/total duration of the
activity intensity for that day  100) and averaged across valid days.
Data Analysis
Data were analyzed in April 2012. Descriptive statistics were
calculated for all measured variables. Independent t tests revealed
signiﬁcant differences between boys and girls in physical activity
levels in the afterschool period and for the whole weekday. All
subsequent statistical analyses were stratiﬁed by gender. In
addition, at each time point, children who provided 5 days of
data engaged in more SED and LPA and less MPA and VPA
compared to children with 3 or 4 days of data. Therefore, analyses
were adjusted for number of valid days.
Multilevel analyses (using MLwiN 1.10) were used to examine
changes in children’s physical activity levels and sedentary time
during the afterschool period. The contribution of the afterschool
period to daily physical activity and sedentary time also was
evaluated. As multilevel models are robust regarding missing data
points and can estimate effects over time using incomplete data
sets,32 all valid data points collected were used in the analyses.
A three-level multilevel model was used. Level 1: measurement
time point (T1, T2, T3); Level 2: children; and Level 3: baseline
school. The percentage of time spent in SED, LPA, MPA, and VPA
after school, and the contribution of the afterschool period to daily
SED, LPA, MPA, and VPA were the outcome variables. SES
(maternal education); maternal employment; study (i.e., CLAN or
HEAPS); number of valid days; season of measurement; and daily
wear time were identiﬁed as potential confounding variables a
priori and included in the ﬁnal analyses. Analyses were also
stratiﬁed by age cohort.
To examine changes in the outcome variables, two dummy
variables were generated. These were for physical activity levels at
T2 (3-year change) and T3 (5-year change) compared to T1. The
random structure considered random intercepts and random
slopes on T2 and T3. Separate analyses were conducted for the
outcome variables. The regression coefﬁcients were assessed for
signiﬁcance using the Wald statistic,33 which was set at po0.05.
Results
At baseline, the level of maternal education was low for
33% of participants, medium for 35%, and high for 32%.
The percentage of the afterschool period and of the whole
day children spent in physical activity and sedentary time
(by gender and cohort) at baseline is shown in Table 1.
Among both the younger and older cohorts, boys engaged
in signiﬁcantly less LPA and signiﬁcantly more MPA and
VPA than girls during the afterschool period.
Appendix A (available online at www.ajpmonline.org)
illustrates the 3- and 5-year changes in the younger and
older cohorts’ afterschool behaviors using raw scores.
Afterschool SED time increased from 42 minutes at T1
to 64 minutes at T3 for the younger cohort, and from
57 minutes at T1 to 84 minutes at T3 for the older cohort.
Both cohorts decreased their MPA (younger cohort:
T1¼24 minutes, T3¼11 minutes; older cohort: T1¼13
minutes, T3¼9 minutes) and VPA (younger cohort:
T1¼12 minutes, T3¼4 minutes; older cohort: T1¼6
minutes, T3¼2 minutes), whereas declines were
observed for LPA among the older cohort only (T1¼76
minutes, T3¼65 minutes).
Table 2 shows percentage changes in afterschool PA
and SED over 3 and 5 years according to gender, using
multilevel analyses. Signiﬁcant decreases were observed
for MPA and VPA for girls and boys in both cohorts;
however, the magnitude of change was greater among the
younger cohort. Among the older cohort, there were
large signiﬁcant decreases in LPA over 3 and 5 years, with
greater declines observed among girls. In both cohorts,
children’s afterschool sedentary time signiﬁcantly
increased over 3 and 5 years in both girls and boys.
The change in the proportion of time that both cohorts
engaged in physical activity after school using raw scores
is presented in Appendix A (available online at www.
ajpmonline.org).
Among both cohorts, the contribution of the
afterschool period to daily LPA and SED remained
relatively stable at approximately 17% and 20%, respec-
tively, for the younger cohort and 16% and 21%,
respectively, for the older cohort. The greatest changes
were seen in the contribution to daily MPA and VPA,
with the period making a greater contribution to daily
levels over time in the older cohort (23% at baseline and
33% at T3 for both MPA and VPA). Changes in the
contribution of the afterschool period to daily physical
activity and sedentary time over 3 and 5 years according
to gender, using multilevel analyses, are shown in
Table 3.
Overall, there were few consistent changes in the
contribution the afterschool period made to the younger
boys’ and girls’ daily PA or SED. In the older cohort, the
contribution of the afterschool period to each intensity of
physical activity and sedentary time increased over 3 and
5 years, with the exception of boys’ sedentary time (signi-
ﬁcant at 3 years only) and LPA (signiﬁcant at 5 years only).
The relative contribution of the afterschool period to daily
physical activity using raw scores is presented in Appendix
B (available online at www.ajpmonline.org).
Discussion
Consistent with previous research, both MPA and VPA
declined during the afterschool period in both
cohorts.20,34 However, larger decreases were observed in
LPA in the older cohort compared to MPA and VPA.
These data indicate that all physical activity intensities
decreased over time. Further research is needed to identify
what behaviors youth engage in that correspond to these
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intensities to inform future intervention efforts.35 Inter-
estingly, the contribution of the afterschool period to daily
MPA and VPA was greater for the older cohort over time
(from less than one quarter of the daily physical activity
levels to more than one third) compared to the younger
cohort (stable at 25%), highlighting the increasing
importance of this time period to young people’s overall
daily physical activity levels.
The relative decline in MPA and VPA was greater
among younger children compared to the older children.
Although age-related physical activity declines are
observed consistently when examining daily behavior,36
the ﬁndings regarding the afterschool period are mixed.
Declines in physical activity have been found in Euro-
pean samples,34 whereas among British youth (n¼1307,
aged 10–12 years)37 afterschool physical activity increa-
sed with age. Few studies have examined the afterschool
behaviors of children during the early elementary school
years, as the main focus has been on the behaviors of
older children and adolescents.38–40
The current study suggests that children’s afterschool
behaviors undergo major changes between the ages of 5/6
and 10/11 years, which may be explained in part by
increases in screen-time usage such as TV viewing and
electronic media use.41 Further, the results highlight the
need for interventions to target children’s afterschool
MPA and VPA from early elementary school, because,
although declines in afterschool activity levels are seen, it
is a period where children may be able to participate in
greater amounts of discretionary physical activity com-
pared to other periods throughout the day.
At baseline, the older cohort in this Australian sample
spent a similar proportion of the afterschool period
engaged in MPA and VPA compared with the
accelerometer-measured MVPA levels of children aged 9
years in the European Youth Heart Study.34 Notably, there
were large declines seen in afterschool LPA among the
older cohort, particularly for girls. Interestingly, the greatest
increase in the contribution the afterschool period makes
to daily activity levels was observed in the ﬁrst 3 years
among boys (i.e., during their transition from elementary
school to secondary school); among girls, there were
consistent increases in the contribution over 3 and 5 years.
Previous research has found that as youth progress
through secondary school, they perform less physical
activity throughout other periods of the day (e.g., recess
and lunchtime),28 possibly suggesting that the in-school
time contribution to physical activity levels decreases
over time. This highlights the importance of the
afterschool period for youth to engage in physical activity
and to promote activity levels through interventions
during this time. Afterschool programs hold promise as
one setting for increasing physical activity levels in
youth,41–43 although further research is needed to iden-
tify which speciﬁc strategies are most effective in these
settings over time.44
Table 1. Children’s physical activity and sedentary time at baseline (T1), M (SD)
Younger cohorta Older cohortb
Girls (n¼295) Boys (n¼313) Girls (n¼789) Boys (n¼656)
Afterschool activity (150-minute period), %
SED 27.87 (9.26) 27.80 (9.67) 37.93 (10.67) 37.60 (11.73)
LPA 49.40 (7.86)* 47.20 (8.40)* 52.07 (9.13)* 48.67 (9.47)*
MPA 15.73 (5.20)* 16.73 (5.53)* 7.60 (3.93)* 9.67 (5.13)*
VPA 6.80 (4.53)* 8.80 (5.60)* 3.06 (3.26)* 4.53 (4.40)*
Daily activity, %
SED 33.63 (9.3) 31.96 (9.04) 44.91 (10.57)* 42.70 (10.49)*
LPA 48.15 (6.05) 46.90 (5.94) 46.74 (7.06) 46.19 (6.99)
MPA 13.04 (2.97) 14.12 (2.93) 6.03 (2.04) 7.60 (2.17)
VPA 5.18 (2.17)* 7.00 (2.96)* 2.33 (1.58)* 3.51 (2.14)*
Daily wear time (minutes) 750.6 (70.5)* 755.6 (66.7)* 807.8 (80.6)* 814.0 (81.6)*
Note: Boldface indicates signiﬁcance.
aAged 5–6 years at baseline
bAged 10–12 years at baseline
npo0.05
LPA, light-intensity physical activity; MPA, moderate-intensity physical activity; SED, sedentary time (o100 counts per minute)28; VPA, vigorous-
intensity physical activity using age-adjusted thresholds30
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Boys and girls in both cohorts showed increases in
afterschool sedentary time of a similar magnitude
(approximately 25 minutes) over 3 and 5 years. Increases
in the contribution to daily sedentary levels were
minimal, suggesting that this increase is consistent across
the entire day. The observed increase may in part be due
to school schedules and homework expectations, as 54%
of children (aged 5–12 years) previously have reported
homework to be a barrier to participation in physical
activity after school.45
However, Atkin and colleagues found that among
students aged 15 years in the Project STIL (Sedentary
Teenagers and Inactive Lifestyles), physical activity did not
displace time spent doing homework between 3:30PM and
6:30PM, suggesting that other factors (e.g., TV viewing) may
contribute to these changes.38 The afterschool period may
be a key time to target reductions in children’s and
adolescents’ sedentary time as it may be more challenging
to change children’s sedentary time during structured
school time, particularly as children progress through
secondary school, or later in the evenings (after 6PM). One
promising approach may be the modiﬁcation of homework
tasks that target both physical activity engagement and
sedentary time during this time,46,47 although further
research is needed to identify the effectiveness of such
strategies in children and adolescents.
Strengths and Limitations
Strengths of this study include the large sample size, the
use of objective measures of sedentary time and physical
activity, and the 5-year follow-up period. Limitations
include the use of a 60-second epoch for the acceler-
ometry, as this may not be sensitive enough to capture
sporadic VPA among children.48 However, this epoch
length was unavoidable when using the 7164 accelerom-
eter model over extended periods of time. Second,
deﬁning nonwear as 20 minutes of consecutive zeros
may be considered to be a limitation, as this may have
resulted in an underestimation of sedentary time.26
Third, as accelerometers do not capture behavioral
information, it is not known what types of behaviors
changed during the afterschool period as children aged.
Conclusion
This study suggests that the afterschool period may be an
important time period for interventions targeting physical
activity and sedentary time throughout childhood and
adolescence. Children’s and adolescents’ afterschool
physical activity declines over time, with changes in both
MPA and VPA occurring during elementary school years
and changes in LPA occurring during secondary school.
Large increases in sedentary time also were observed,
particularly over the 5-year period. The increasing
Table 2. Mean changes in percentage of time spent in physical activity and sedentary time after school over 3 and 5 years,
b (95% CI)
Younger cohorta Older cohortb
T1 to T2 T1 to T3 T1 to T2 T1 to T3
Boys, %
SED 8.37 (6.32, 10.41)*** 13.37 (11.30, 15.44)*** 9.34 (6.57, 12.12)*** 15.40 (12.88, 17.92)***
LPA 0.31 (2.02, 1.40) 0.09 (1.65, 1.83) 6.35 (7.92, 4.78)*** 9.18 (10.97, 7.39)***
MPA 5.14 (6.22, 4.06)*** 7.99 (9.09, 6.89)*** 1.98 (2.83, 1.14)*** 3.62 (4.53, 2.71)***
VPA 2.85 (3.98, 1.69)*** 5.41 (6.55, 4.27)*** 0.90 (1.58, 0.22)** 2.47 (3.21, 1.74)***
Girls, %
SED 5.36 (3.37, 7.34)*** 14.54 (12.18, 16.90)*** 10.73 (9.04, 12.42)*** 15.61 (13.98, 17.24)***
LPA 1.09 (0.77, 2.95) 2.01 (4.03, 0.02) 8.44 (9.98, 6.91)*** 11.55 (13.12, 9.99)***
MPA 5.16 (6.15, 4.17)*** 8.30 (9.29, 7.30)*** 1.06 (1.82, 0.30)** 2.03 (2.93, 1.13)***
VPA 1.96 (2.74, 1.17)*** 4.37 (5.24, 3.50)*** 1.16 (1.58, 0.73)*** 1.99 (2.47, 1.52)***
Note: Boldface indicates signiﬁcance. The b value reﬂects the percentage change in children’s afterschool activity levels between Year 1 (T1) and Year
3 (T2), and between Year 1 (T1) and Year 5 (T3). A positive b value reﬂects an increase in children’s sedentary time and physical activity after school at
either T2 or T3 compared to T1; a negative b value reﬂects a decrease in sedentary time and physical activity. All models are adjusted for study, season
of measurement, maternal education, maternal employment, number of valid days, and daily wear time.
aAged 5–6 years at T1; aged 8–9 years at T2; aged 10–11 years at T3
bAged 10–12 years at T1; aged 13–15 years at T2; aged 15–17 years at T3
npo0.05, nnpo0.01, nnnpo0.001
LPA, light-intensity physical activity; MPA, moderate-intensity physical activity; SED, sedentary time (o100 counts per minute)28; VPA, vigorous-
intensity physical activity using age-adjusted thresholds30
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contribution that the afterschool period makes to overall
physical activity, particularly during adolescence, suggests
that afterschool initiatives may be particularly important
in this age group. However, interventions targeting both
physical activity and sedentary behavior should begin
during the early elementary school years to minimize the
changes observed in the younger years.
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CHAPTER SEVEN                                               
Paper Six: The correlates of children’s after-school 
physical activity and sedentary behaviour 
Chapters Five (Paper Four) and Six (Paper Five) highlight children’s low levels of 
after-school physical activity and how these decline over time. Further, these 
chapters show the suboptimal levels of sedentary behaviours children perform 
after school. To develop interventions targeting increases in after-school physical 
activity and reductions in sedentary behaviours, an investigation of the correlates 
associated with these behaviours is required. Section 2.12 and Section 2.13 (Paper 
Two) show that the literature examining the correlates of after-school physical 
activity and sedentary behaviour is still in its infancy. Therefore, the following 
paper aimed to add to this literature by examining the correlates of after-school 
physical activity and sedentary behaviour using an ecological framework. This 
paper is under review in BMC Public Health (Impact factor: 2.264). 
Arundel, L, Salmon J, Hinkley T, Veitch J. The correlates of children’s after-
school physical activity and sedentary behaviour. 
The Authorship Statement for this manuscript is contained in Appendix 7.1  
  
         Chapter Seven, Paper Six: The correlates of children’s after-school physical activity and 
sedentary behavior 
         
108 
 
Abstract 
Introduction: Understanding correlates of children’s after-school moderate- to 
vigorous-intensity physical activity (MVPA) and sedentary behaviour (SB) is 
important for informing intervention development. This study used an ecological 
framework to examine the intrapersonal, social and physical environmental 
correlates of children’s after-school MVPA and SB. 
Methods: Child and proxy-report survey data from the Transform-Us! 
intervention at baseline were used. Children (n=354, age 8.2 years, 43% boys) 
also wore an ActiGraph GT3X accelerometer from which the percentage of the 
after-school period (end of school-6pm) spent in MVPA (%MVPA) and SB 
(%SB) were calculated. Generalised linear models assessed the association 
between 26 intrapersonal, 22 social, and 11 physical environment variables and 
%MVPA and %SB. Initial analyses (model 1) determined the association with 
%MVPA and %SB for each variable separately with adjustment for age, sex and 
clustering by school. All variables showing significant associations were entered 
into model 2 for which also adjusted for age, sex and clustering by school. 
Results: Children spent 14.2% and 53.3% of the after-school period engaged in 
MVPA and SB respectively. Variables positively associated with %MVPA 
included: sibling PA co-participation (Odds Ratio [OR] 1.04, 95% CI 1.02, 1.06), 
non-organised PA frequency (OR 1.01, 95% CI 1.00, 1.02), and days at a sporting 
club after school (OR 1.07, 95% CI 1.01, 1.14). Parents being concerned about 
their child’s health behaviours was negatively associated with %MVPA (OR 0.97, 
95% CI 0.96, 0.99). Non-organised PA frequency (OR 0.99, 95% CI 0.98, 0.99) 
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and the facilities to be active not available (OR 1.18, 95% CI 1.06, 1.33) were 
significantly associated with %SB:  
Conclusion: Only four of the 59 variables examined were significantly related to 
MVPA and only two variables were associated with SB in the fully adjusted 
models. Associations were predominantly with context specific variables 
suggesting the child’s location and who they are with may be important 
influences on after-school behaviour. Specifically, encouraging participation in 
sports clubs, having someone to be active with, and ensuring availability of 
physical activity facilities for children are potential targets to consider in the 
development of future interventions to promote after school MVPA and minimise 
SB.   
 
  
         Chapter Seven, Paper Six: The correlates of children’s after-school physical activity and 
sedentary behavior 
         
110 
 
Introduction 
Evidence highlighting the health benefits of childhood physical activity (PA) is 
well established [1, 2]. More recently, research has shown the negative physical, 
mental and social health impact of spending extended time in sedentary 
behaviours (SB) [3, 4]. Accordingly, many developed countries recommend 
children perform at least 60 minutes of moderate- to vigorous-intensity physical 
activity (MVPA) every day, limit their recreational screen time, a key sedentary 
behaviour, to less than two hours per day and break up long periods of sitting as 
often as possible [5, 6]. Achievement of these recommendations is poor among 
children in many countries [7-9]. For example, only 8% of Australian children 
aged 5-17 years achieve the PA guidelines and 29% achieve the SB guidelines 
[7]. Further, as PA and SB habits begin in youth and tracks into young adulthood 
[10, 11], it is imperative to develop interventions to target behaviour change at a 
young age when these behaviours are being established.  
The after-school period, defined as from the end-of-school until 6pm [12], is a 
period where children have more discretion over their behaviours and the 
opportunity to be active and sedentary. However, after school, children often 
spend as little as 8-9 minutes per hour being active [13] and spend large amounts 
of time sedentary [14-18]. Children can spend up to 74% of the period sedentary 
[18] and perform 80% of their daily screen-based sedentary behaviours during 
this time [15]. Interventions targeting increases in physical activity and reductions 
in sedentary behaviour are therefore required. However, identification of the 
factors that promote physical activity and limit sedentary behaviours after school 
is needed for effective intervention development.   
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Stanley and colleagues [19] conducted a review of the correlates of children’s 
after-school physical activity. Only ten studies had been conducted between 1990 
and January 2011 and only ten of the 36 potential correlates identified were 
reported by three or more of these studies, thereby making it difficult to draw 
overall conclusions of associations [20]. The main focus of the research to date 
has been on the demographic correlates of after-school physical activity (e.g. sex, 
age and ethnicity) and on the physical environment (i.e. access to facilities and 
number of facilities), with less consideration of the social environment or 
correlates across the intrapersonal, social and physical environments 
simultaneously.  
More recently, a systematic review conducted in 2015 identified the correlates of 
children’s after-school sedentary behaviours [21]. Only two non-modifiable 
correlates (age and sex) were identified and the association varied depending on 
the behaviour of interest. For example, age was positively associated with overall 
after-school sedentary behaviour but there was an inconsistent association 
between age and after-school TV viewing. These reviews highlight that this 
literature is still in its infancy and there is a need for further research examining 
the correlates of children’s after-school physical activity and sedentary behaviour.  
As the correlates of children’s after-school physical activity and sedentary 
behaviour may be within the intrapersonal, social or physical environments, 
potential correlates should be assessed across multiple levels of the ecological 
model simultaneously. This would enable the relative associations of correlates of 
physical activity or sedentary behaviour within each domain to be examined [22]. 
Therefore, this study aimed to use an ecological framework to examine the 
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intrapersonal, social and physical environmental correlates of children’s after-
school physical activity and sedentary behaviour. 
Methods 
Sample 
Baseline data from the Transform-Us! intervention collected between February 
and June 2010 were used (ACTRN 12609000715279; ISRCTN 83725066). The 
methods for Tranform-Us! have been described in detail elsewhere [23]. In brief, 
Transform-Us! was a four arm randomised controlled trial that targeted reductions 
in sedentary behaviour and increases in physical activity in the home and school 
settings. Participants were grade 3 students recruited from 20 randomly selected 
primary (elementary) schools within 50km (31 miles) of the city of Melbourne 
and with an enrolment of 300 or more students. Schools were stratified by 
socioeconomic status (SES; 8 schools in low-SES areas and 12 schools in mid- to 
high-SES areas). The current study utilised children’s baseline accelerometer 
data, children’s self-report survey data and parent proxy-report survey data.  
Ethics statement 
Transform-Us! received ethics approval from the Deakin University Human 
Research Ethics Committee (141-2009), and approval from the Victorian 
Department of Education and Training (2009_000344) and the Catholic 
Education Office (Project Number 1545). Prior to participation, written parental 
consent and child verbal assent to complete the assessments were obtained. 
Data management and analysis 
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Outcome variables  
Trained researchers fitted the children with a GT3X Actigraph accelerometer 
(Pensacola, FL) on an elastic waist belt during class time. Accelerometers have 
acceptable validity among children [24]. Children were asked to wear the 
accelerometer during waking hours (except for water-based activities) for eight 
consecutive days. Data were collected in 15-second epochs to best capture 
children’s intermittent behaviours [25].  Accelerometer data were downloaded 
using Actilife Lifestyle Monitoring System, Version 5.1. Specifically developed 
excel macros were used to analyse the raw data and extract data from the end-of-
school (time data collected from schools, mode = 15:30) to 6pm.  
Non-wear time was considered ≥20 consecutive minutes of zero counts as its use 
provides the most accurate estimate of children’s sitting time compared to ≥10 or 
≥60 consecutive minutes of zero counts [26]. Children were required to have data 
recorded for at least 50% of the after-school period on at least three weekdays 
[14] to be included in the analysis. Using previously established age-specific cut-
points [27], children’s MVPA during the after-school period was calculated. 
MVPA was defined as ≥4 METs as this is the energy expenditure of brisk 
walking among children and adolescents [28]. Sedentary time (SED) was defined 
as <100 counts.min-1 which is the cut point that most closely represents sitting 
time among children [29]. This also corresponds with the Sedentary Behaviour 
Research Network’s definition of sedentary behaviours being those behaviours 
performed in a sitting or reclining posture [30] with a MET value of up to 1.5 
among children. To account for differences in wear time, the proportion of the 
after-school period in which children participated in MVPA and SED on an 
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average weekday was calculated (possible range 0-1).  For ease of understanding, 
this is reported as a percentage and therefore the outcome variables were 
percentage of the after-school period spent in MVPA (%MVPA) and sedentary 
behaviour (%SB) [31].  
Explanatory variables 
Height was measured by trained researcher to the nearest 0.1cm twice using 
SECA portable stadiometers (SECA 220, Los Angeles, California, USA). The 
average of the two measurements was taken. Weight was also measured by 
trained researchers to the nearest 0.1kg using portable electronic Wedderburn 
Tanita scales (Melbourne, Victoria, Australia). The average of the two 
measurements was taken. Where a discrepancy of over 1cm or 1kg was noted, a 
third measurement was taken, and the mean of the closest two measures was used. 
Body Mass Index (BMI) was calculated and used to categorise participants via 
age- and sex specific International Obesity Task Force classification [23] as 
healthy weight, overweight or obese.  
Survey data 
Children were asked multiple questions from the intrapersonal, social and 
physical environment levels of the social ecological model [22]. Full details of the 
variables included, data management and reliability is included in Additional 
Table 1, and therefore a summary is provided below.  
Intrapersonal variables  
Children self-reported their age, sex and enjoyment of 14 physical activity options 
and nine sedentary behaviour options. Factor analysis (with varimax rotation) 
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identified two distinct enjoyment factors: Factor 1: enjoyment of “boy PAs” and 
Factor 2: enjoyment of “girl PAs”, as they included physical activities that were 
more commonly performed by boys or girls respectively within the Australian 
population [32]. Three factors were identified via factor analysis (with varimax 
rotation) regarding sedentary behaviour enjoyment: enjoyment of academic 
sedentary behaviours, enjoyment of screen-based sedentary behaviours, and 
enjoyment of social sedentary behaviours. Children also reported their physical 
activity competence, healthy TV viewing behaviours and unhealthy TV viewing 
behaviours.  
Parents were asked to report demographics including age, sex, highest level of 
education, employment status, family living situation, height, weight and country 
of birth. Parents also reported their child’s nature (active or not) and the existence 
of barriers intrinsic to their child (e.g. my child doesn’t enjoy being active). 
Parents reported the weekly (Monday-Friday) frequency that their child 
participated in non-organised physical activity (e.g. ride a bike for fun), organised 
sports or activities, active transport and sedentary transport. Parents also reported 
the weekly (Monday-Friday) duration of time that their child spent in after school 
in outdoor play during summer and winter 
Social environment  
Children were asked about their physical activity and sedentary behaviour after-
school social norms, the presence of rules that promoted/restricted physical 
activity and sedentary behaviour within their house and about neighbourhood 
connectedness. 
         Chapter Seven, Paper Six: The correlates of children’s after-school physical activity and 
sedentary behavior 
         
116 
 
Parents were asked to report the time they spent in MVPA, sitting, watching TV 
and using the computer. When data were collected for week and weekend days 
separately, only the weekday data were used as the after-school period only 
occurs on weekdays (for example, parents reported their duration sitting and 
watching TV and computer on weekdays and weekend days, therefore only the 
weekday data were used). Parents reported the frequency that their child 
performed physical activity and watched TV with siblings, parents/guardians and 
peers, the frequency that they provided emotional (e.g. praise) support for their 
child to be active or sedentary and the frequency that they provided 
practical/financial support for their child to be active. 
Parents reported how many hours per day they spent in paid employment and who 
their child was with during the after-school period on each day of the week. 
Parents responded to items regarding how restrictive of sedentary behaviour they 
are, if they thought their child doesn’t have anyone to be active with, if they use 
sedentary behaviour as a ‘babysitter’, and if they had concerns about their child’s 
health behaviours 
Physical environment 
Children were asked if they had access to physical activity equipment at home, if 
they had sedentary behaviour items in their bedroom, a dog at home and a yard to 
play in.  
Parents reported characteristics of their home environment (e.g. live in a cul-de-
sac) and availability of electronic media in the home. Parents also reported their 
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child’s location on each day of the week and if the right facilities available for 
their child to be active.  
Survey reliability 
The reliability of the modified survey items was assessed through a 7-day test re-
test reliability study in 2009. Participants were recruited from a convenience-
sampled Melbourne primary school (n=30 children mean age 11 years; 62% 
female) and n=49 parents, mean age 41.9 ±4.8 years; 75% female). The reliability 
of continuous items was determined using intraclass correlation coefficients (ICC) 
which were considered fair (<0.5), moderate (0.5-0.74) or high (≥0.75) [33].  The 
reliability of categorical items was determined using Kappa and percent 
agreement. The kappa value was considered poor to fair (0.00-0.40), moderate 
(0.41-0.60), substantial (0.61-0.80) or almost perfect (0.81-1.00) [33]. Percent 
agreement values were considered fair when greater than 66% [34]. See 
Additional Table 1 for reliability data. 
Data analysis 
All analyses were performed in STATA 12. Descriptive statistics were used to 
report sample characteristics. Generalised linear models (GLM; with binomial 
family and logit transformation) were used to examine the association between 
the outcome variables and explanatory variables as the outcome variables were 
proportion data (but reported as a percentage for ease of understanding). All 
models were adjusted for age, sex and clustering by school. Each explanatory 
variable was entered individually into a GLM model (model 1) with each of the 
outcome variables separately (%MVPA or %SB). All explanatory variables 
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associated at p<0.05 were then entered into multivariable models (model 2). The 
GLM models used produce an odds ratio which is interpreted as a percentage 
increase or decrease in the outcome variable associated with a one point increase 
in the explanatory variable or compared to the referent group [35]. Collinearity of 
explanatory variables was assessed. When the variance inflation factor (VIF) of 
an explanatory variable was >10 and tolerance was <0.01 [35], the variable was 
removed. For the MVPA multivariable model, only one variable (number of 
locations visited per week after school) was removed; no variables were removed 
from the SB model.  
Results 
The final sample consisted of 354 children who had complete child survey, parent 
survey and valid accelerometer data (age 8.2 ± 0.45 years; 42.9% boys). Children 
spent on average 14.2% (±6.07) or 18.7 minutes (±8.5) and 53.3% (±9.75) or 65.3 
minutes (±14.36) of the after-school period engaged in MVPA and sedentary 
behaviour, respectively. 
The explanatory variables associated with MVPA in model 1 and model 2 are 
shown in Table 1. Sixteen variables were associated in the model 1 analysis: four 
were negatively associated with MVPA and 12 were positively associated with 
MVPA. However, only four explanatory variables (all proxy-reported) remained 
significantly associated with after-school MVPA in model 2; one from the 
intrapersonal domain, two from the social and one from the physical environment. 
The frequency that the child performed non-organised physical activity after-
school (OR 1.01, 95% CI 1.00, 1.02), the frequency that a sibling was active with 
the child (OR 1.04, 95% CI 1.02, 1.06), and the frequency that they attended a 
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sporting club after-school (OR 1.07, 95% CI 1.01, 1.14) were positively 
associated with after-school MVPA. Having parents who were concerned about 
health behaviours (PA and SB) was negatively associated with after-school 
physical activity (OR 0.97, 95% CI 0.96, 0.99). 
Table 1: Generalised linear model analysis of the correlates of children’s after-
school moderate- to vigorous-intensity physical activity. 
MVPA % Model 1 
OR (95% CI) 
Model 2 
OR (95% CI) 
Intrapersonal-individual   
Parental country of birthad 
Australia (ref) 
Other  
1.00 
0.84 (0.75, 0.95)§ 
 
1.00 
0.94 (0.83, 1.07) 
Child’s nature (active)bd 1.03 (1.01, 1.05)§ 0.99 (0.97, 1.01) 
PA competencebd 1.05 (1.01, 1.09)* 1.04 (1.00, 1.08) 
Intrapersonal – behavioural   
 
Frequency of non-organised physical activitybd 1.01 (1.00, 1.02)§ 1.01 (1.00, 1.02)* 
Frequency of organised sport or activitiesbd  1.06 (1.01, 1.12)* 1.02 (0.96, 1.08) 
Frequency of active travelbd  1.03 (1.01, 1.05)§ 1.02 (1.00, 1.03 
Minutes of outdoor play per day (summer) bd 1.00 (1.00, 1.00)§ 1.00 (1.00, 1.00) 
Minutes of outdoor play per day (winter) bd 1.00 (1.00, 1.00)§ 1.00 (1.00, 1.00) 
Social environment   
 
Frequency of PA co-participation with siblingbd  1.02 (1.02, 1.06)§ 1.04 (1.02, 1.06)§ 
Frequency of SB co-participation with peersbd  1.06 (1.01, 1.11)* 1.02 (0.97, 1.08)  
No. days with other child (friend) bd 1.09 (1.03, 1.15)§ 1.00 (0.93, 1.07) 
Parental concern about health behaviours (PA 
and SB) bd 0.97 (0.96, 0.99)§ 
 
0.97 (0.96, 0.99)§ 
Rules restricting sedentary behaviourbc 0.95 (0.91, 0.99)* 0.99 (0.94, 1.04) 
Physical environment     
Own a dogac 
No (ref) 
Yes 
 
1.00 
1.14 (1.04, 1.25)§ 
 
1.00 
0.99 (0.87, 1.13) 
TV in bedroomac  
No (ref) 
Yes  
1.00 
0.91 (0.83, 0.99)* 
 
1.00 
1.00 (0.87, 1.15) 
Number of days at a sporting clubbd 1.06 (1.01, 1.12)* 1.07 (1.01, 1.14)* 
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Model 1: Examined association of each explanatory variable separately, adjusting for sex, age and clustering 
by school, with the outcome variable 
Model 2: Examined association of all explanatory variables simultaneously, adjusting for age, sex and 
clustering by school 
*p<0.05, §p<0.01,  
Notes: aOdds ratio relates to an X% increase or decrease of the after-school period spent in MVPA for the 
comparison group/s compared with the referent group, bOdds ratio relates to an X% increase or decrease of 
the after-school period spent in MVPA for every one unit increase in the correlate; c=child self-report, 
d=proxy-report 
Abbreviations: MVPA = moderate- to vigorous-intensity physical activity, PA = physical activity, SB = 
sedentary behaviour 
 
As shown in Table 2, 17 explanatory variables were significantly associated with 
after-school sedentary behaviour in the model 1 analysis: eight intrapersonal 
variables, four social environment variables and five physical environment 
variables. Six variables were positively associated with sedentary behaviour and 
11 variables were negatively associated with sedentary behaviour. In model 2 
only two variables remained significant, one intrapersonal and one social 
environment variable. Each additional occurrence of proxy-report non-organised 
physical activity was associated with a 1% decrease in after-school sedentary 
behaviour per day. Each one unit increase in parent’s belief that the right facilities 
for their child to be active were not available was associated with an 18% increase 
in after-school sedentary behaviour.  
Table 2: Generalised linear model analysis of the correlates of children’s after-
school sedentary behaviour, according to the domains of the ecological model 
SB% Model 1 
OR (95% CI) 
Model 2 
OR (95% CI) 
Intrapersonal   
Parental country of birthad 
Australia (ref) 
Other 
 
1.00 
1.13 (1.04, 1.23)§ 
 
1.00 
1.05 (0.97, 1.14) 
Child’s nature (active) bd 0.98 (0.97, 1.00)* 1.00 (0.98, 1.01) 
Enjoyment of “girls PA’s”bc 1.01 (1.00, 1.02)§ 1.00 (0.99, 1.01) 
Healthy TV viewing behavioursbc 1.04 (1.01, 1.07)§ 1.03 (0.99, 1.07) 
No-one to be active with childbd 1.13 (1.01, 1.26)* 0.96 (0.84, 1.11) 
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Intrapersonal – behavioural   
Frequency of non-organised physical activitybd  0.98 (0.97, 0.99)§ 0.99 (0.98, 0.99)§ 
Frequency of active travelbd  0.98 (0.96, 0.99)§ 0.99 (0.97, 1.00) 
Minutes of outdoor play per day (summer) bd 0.99 (0.99, 0.99)§ 1.00 (1.00, 1.00) 
Social environment  
 
Frequency of PA co-participation with siblingbd 0.97 (0.96, 0.99)§ 0.99 (0.97, 1.01) 
Frequency of SB co-participation with peersbd 0.94 (0.90, 0.98)§ 0.97 (0.93, 1.01 
Number of days with other child (friend) bd 0.91 (0.88, 0.95)§ 0.98 (0.93, 1.03) 
Parental concern about health behaviours (PA 
and SB) bd 1.01 (1.00, 1.02)§ 
 
1.00 (0.99, 1.02) 
Physical environment   
 
Own a dogac 
No (ref) 
Yes 
1.00 
0.90 (0.84, 0.96)§ 
 
1.00 
0.96 (0.88, 1.05) 
Facilities to be active not availablebd  1.15 (1.02, 1.30)* 1.18 (1.06, 1.33)* 
Number of days at friend's placebd 0.91 (0.84, 0.98)* 0.99 (0.92 1.08) 
Number of days at after-school carebd 0.97 (0.94, 1.00)* 0.97 (0.90, 1.03) 
Number of different locations per daybd 0.89 (0.76, 1.00)* 0.90 (0.80, 1.03) 
*p<0.05, §p<0.01, c=child self-report, p=proxy-report 
Model 1: Examined association of each explanatory variable separately, adjusting for sex, age and clustering 
by school, with the outcome variable; Model 2: Examined association of all explanatory variables 
simultaneously, adjusting for age, sex and clustering by school 
Notes: aodds ratio relates to an X% increase or decrease of the after-school period spent in MVPA for the 
comparison group/s compared with the referent group, bodds ratio relates to an X% increase or decrease of 
the after-school period spent in MVPA for every one unit increase in the correlate; c=child self-report, 
d=proxy-report 
Abbreviations: MVPA = moderate- to vigorous-intensity physical activity, PA = physical activity, SB = 
sedentary behaviour 
 
Discussion 
This study identified a small number of significant correlates of children’s after-
school physical activity and sedentary behaviour across the three domains of the 
ecological model. Despite assessing 59 explanatory variables, only four were 
associated with after-school MVPA and only two with after-school sedentary 
behaviour in the fully-adjusted models. Interestingly, only one variable was 
associated with both physical activity and sedentary behaviour. While there may 
be other variables not assessed within the current analysis that impact after-school 
         Chapter Seven, Paper Six: The correlates of children’s after-school physical activity and 
sedentary behavior 
         
122 
 
behaviour, these findings suggests that interventions targeting physical activity 
and sedentary behaviour may require different strategies depending on the 
behaviour. 
Parent reported frequency that their child performed non-organised physical 
activity after-school (e.g. walked, cycled, walked the dog) was associated with 
both after-school MVPA and sedentary behaviour. If the findings were 
extrapolated for an average child within this study during an after-school period 
of 150 minutes (e.g. 3.30-6pm), each additional performance of non-organised 
physical activity after-school would result in a 1% increase in MVPA (i.e. a shift 
from 14% to 15% of the after-school period engaged in MVPA or an increase 
from 21 to 22.5 minutes of MVPA), and a 2% decrease in sedentary behaviour 
(i.e. a shift from 53% to 51% or a decrease from 80 to 77 minutes of sedentary 
behaviour). Previous studies examining the relationship between after-school 
physical activity and sedentary behaviour have reported conflicting relationships 
between the behaviours [36, 37], potential due to different measurement tools and 
different definitions of the behaviour outcomes. Although the current study asked 
for proxy report of non-organised physical activities that would typically be of 
moderate- to vigorous-intensity, the intensity was not specified to participants and 
the examples provided (ride bike for fun, walk for exercise, walk dog and play 
with dog) may, in some instances, be performed at light-intensity [30]. 
Encouraging participation in non-organised physical activity of any intensity may 
be a simple strategy to promote after-school MVPA and reduce sedentary 
behaviours.  
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This study also showed that children with parents who are concerned about their 
child’s health behaviours perform less MVPA after school than their peers. This is 
in contrast to previous research that has shown a positive association between 
parents who believe it is important for their child to be active and their child’s 
physical activity levels [38]. The current findings may be a consequence of 
parents accurately identifying that their child is performing unhealthy behaviours 
after school and then becoming concerned about the health behaviours. However, 
due to the cross-sectional nature of this study, this cannot be confirmed and 
longitudinal data are needed to further investigate this. 
Findings from this study build on previous research that has shown the context of 
the after-school period (i.e. where the child is and who they are with) is related to 
children’s after-school behaviours [39, 40]. For example, time spent outside with 
a sibling has previously been associated with more after-school MVPA among 
girls [39]. This concurs with the current study that found physical activity co-
participation with a sibling and the number of days a child attends a sporting club 
were positively associated with after-school MVPA. If these finding were 
extrapolated for an average child in this sample during an after-school period of 
150 minutes, each additional occurrence of physical activity co-participation with 
a sibling would result in a 4% increase in MVPA after-school (i.e. a shift from 
14% to 18%, or an increase from 21 to 27 minutes of MVPA); and each 
additional day at a sporting club results in a 7% increase in after-school MVPA 
(i.e. a shift from 14% to 21%, or an increase from 21 to 31.5 minutes of MVPA). 
These findings may have important implications for future intervention 
development. Intervention strategies that provide examples of activities siblings 
could do together and encourage parents to promote co-participation may increase 
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children’s after-school physical activity. Physical activity co-participation with a 
sibling may be a more feasible intervention target than promotion of sporting club 
attendance due to availability, logistical and financial requirements. However, 
collaborations with or subsidies from sporting clubs may increase their 
accessibility which may have additional benefits for children’s after-school 
sedentary behaviour given the relationship between them found in the current 
study.  
The availability of facilities and equipment has previously been positively 
associated with after-school physical activity [41]. However, in this study there 
was no association between availability of facilities and after-school physical 
activity but interestingly, a lack of available facilities to be active was associated 
with more sedentary behaviour after-school. Each unit increase in parents 
agreement that such facilities were not available for their child was associated 
with an 18% increase in sedentary behaviour (i.e. a shift from 53% to 71%, or an 
increase from 80 to 107 minutes of sedentary behaviour during an after-school 
period of 150 minutes). While physical activity equipment in the home is 
associated with less sedentary behaviour [42] and has been acknowledged as 
important among children who perform less sedentary behaviours than their peers 
[43], few studies have examined the association between physical activity 
facilities and sedentary behaviour and therefore the findings are mixed. 
Availability of good sports options was associated with less TV viewing in 
children (aged 9.1 years) but not adolescents (14.1 years) [44], yet availability of 
local playgrounds was not associated with meeting the sedentary behaviour 
guidelines among pre-school aged girls (aged 4.5 years) [45]. This may be 
because parents are not aware of the physical activity facilities in their area and 
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when physical activity facilities are not available, parents may feel there is no 
alternative to their child being sedentary. Therefore, informing parents of the 
physical activity facilities in their neighbourhood or providing examples of how 
to use the facilities they have (e.g. yard at home) in an active way may result in 
reductions in sedentary behaviours.  
It is important to note that many of the correlates assessed in this study were not 
significant in the final model which may be due to a number of reasons. Firstly, 
many of the survey items were global measures and did not specifically assess the 
correlate during the after-school period. Secondly, a 2016 review has shown that 
among the limited research to date, the correlates of children’s after-school 
sedentary behaviour differ according to location [21]. It could be assumed that the 
correlates of physical activity levels would also differ depending on where they 
are; however, this study did not stratify by location. In addition, correlates 
previously noted in the literature, for example rules which are consistently 
inversely related to screen time [46, 47], may not be as relevant during the after-
school period as during other times, for example during the early evenings or on 
weekends, and were therefore not significant in the current analysis. This may be 
because parents are less likely to be home after-school compared with the evening 
time to supervise their children, or because children are at other locations, such as 
after-school care or sports clubs, and therefore, home-based rules regarding 
sedentary behaviours would not impact behaviour at this location. Lastly, there 
may be other factors, particularly within the policy environment within the 
physical environment domain of the ecological model, not assessed that are 
associated with children’s after-school behaviours require investigating. 
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Limitations of this study include the cross-sectional design which does not allow 
for causal pathways to be established. Also, accelerometers measure overall 
movement, or a lack of movement as an estimate of sedentary behaviour, and do 
not directly measure posture (sitting). Future studies using inclinometers would 
add to the literature examining correlates of after-school sedentary behaviours. 
This study also had many strengths including the sample, the use of objective 
measures of MVPA and SB and the combination of child and parent report of 
explanatory variables. Further, unlike previous research which has examined 
correlates within a single domain of the ecological model, this study explored a 
large range of potential correlates over three domains. This allows the correlates 
to be placed within the wider context of the child’s life.  
Future research should examine different correlates that may impact behaviour 
that were not included in the current study. To do this, purpose designed survey 
measures for examining the correlates of after-school behaviours should be used. 
Further, as specific sedentary behaviours are frequently related to health outcomes 
(e.g. TV viewing and risk of overweight [3, 48, 49]), future research should 
examine the correlates of specific behaviours performed after school (e.g. after 
school screen-based sedentary behaviours or social sedentary behaviours). 
Conclusion  
Of the 59 correlates of after-school PA or SB examined, only five were 
significantly related and the correlates of PA and SB were predominantly 
different suggesting the need for behaviour specific intervention strategies. The 
frequency that the child performed non-organised physical activity, such as 
walking and cycling, was the only variable associated with both more MVPA and 
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less sedentary behaviour and this may be an important, simple and feasible 
intervention focus. Intervention strategies targeting increases in after-school 
physical activity may also benefit from promoting sibling co-participation in 
physical activity and engagement with sports clubs. Intervention strategies 
targeting reductions in sedentary behaviour should also ensure that facilities for 
children to be active are available. This study highlights that the context of the 
after-school period warrants further investigation as where the child is located and 
who they are with is important for the behaviours they are performing after 
school.   
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nn
el
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ng
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 se
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) 
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n 
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) 
W
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t i
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l o
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ed
 sc
ho
ol
, 2
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sc
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r t
ra
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 o
r t
er
tia
ry
 q
ua
lif
ic
at
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 c
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r s
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t c
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t s
ta
tu
s 
Em
pl
oy
ed
 fu
ll 
tim
e 
in
 
pa
id
/u
np
ai
d 
em
pl
oy
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ed
 p
ar
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en
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s f
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l t
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ed
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s f
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l t
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r o
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l w
ee
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nt
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m
ily
 si
tu
at
io
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(P
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W
ha
t i
s t
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 c
hi
ld
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fa
m
ily
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at
io
n 
1 
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th
 p
ar
en
ts
 li
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to
ge
th
er
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pa
re
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liv
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ap
ar
t, 
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 o
th
er
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pa
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nt
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to
ge
th
er
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iv
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ar
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O
th
er
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 m
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ta
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) 
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re
nt
 m
ar
ita
l s
ta
tu
s 
1 
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ar
rie
d,
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 D
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fa
ct
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in
g 
to
ge
th
er
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Se
pa
ra
te
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 =
 D
iv
or
ce
d 
5 
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W
id
ow
ed
, 6
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N
ev
er
 
m
ar
rie
d 
M
ar
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de
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rie
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 c
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 c
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at
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1)
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 b
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ag
ed
 to
 b
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ed
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at
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ild
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tiv
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d 
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t b
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ow
ed
 
do
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m
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ng
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 d
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at
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 p
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 d
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 P
A
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y 
ch
ild
 d
oe
sn
't 
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ve
 g
oo
d 
en
ou
gh
 sk
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or
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st
ro
ng
ly
 d
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re
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di
sa
gr
ee
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ei
th
er
 
ag
re
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 b
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 b
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 d
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 b
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 d
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r c
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r c
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H
ow
 o
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ou
r c
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 fo
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 d
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r c
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t f
re
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Fr
eq
ue
nc
y 
of
 a
ct
iv
e 
tra
ve
l  
(P
) 
H
ow
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ou
r c
hi
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W
al
k 
to
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ot
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yc
le
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 d
es
tin
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io
ns
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ot
 sc
ho
ol
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al
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to
 
sc
ho
ol
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 c
yc
le
 to
 sc
ho
ol
 
  
A
ct
iv
e 
tra
ve
l f
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q.
 
  
Fr
eq
ue
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y 
of
 se
de
nt
ar
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tra
ve
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H
ow
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fte
n 
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ri)
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oe
s y
ou
r c
hi
ld
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Tr
av
el
 b
y 
ca
r/b
us
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om
 d
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tin
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 sc
ho
ol
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 tr
av
el
 b
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r/b
us
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/fr
om
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ho
ol
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Se
de
nt
ar
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tra
ve
l f
re
q.
 
  
So
ci
al
 E
nv
ir
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en
t 
  
  
  
  
  
So
ci
al
 n
or
m
s -
 a
fte
r-
sc
ho
ol
 
PA
 
(C
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1)
 M
os
t o
f m
y 
fri
en
ds
 p
la
y 
ou
ts
id
e 
af
te
r s
ch
oo
l O
R
 N
ot
 m
an
y 
of
 m
y 
fri
en
ds
 
pl
ay
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ut
si
de
 a
fte
r s
ch
oo
l; 
2)
 M
os
t o
f m
y 
fri
en
ds
 d
o 
PA
 o
r s
po
rt 
af
te
r s
ch
oo
l 
O
R
 N
ot
 m
an
y 
of
 m
y 
fri
en
ds
 d
o 
PA
 o
r s
po
rt 
af
te
r s
ch
oo
l 
  
PA
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m
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an
ge
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-2
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 M
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t o
f m
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fri
en
ds
 w
at
ch
 T
V
 a
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oo
l O
R
 N
ot
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 m
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fri
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ds
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V
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t o
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 p
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m
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R
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ot
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 p
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m
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r a
fte
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oo
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m
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ge
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g 
PA
  
(C
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 a
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w
ed
 to
 p
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y 
ac
tiv
e 
ga
m
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si
de
 th
e 
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 a
m
 a
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w
ed
 to
 
th
ro
w
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al
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 o
r p
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y 
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m
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 a
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ed
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 to
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am
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m
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R
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 p
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ge
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 re
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C
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R
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in
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(C
h)
 
1)
 I 
am
 a
llo
w
ed
 to
 w
at
ch
 a
ny
 te
le
vi
si
on
 sh
ow
(s
) I
 c
ho
os
e;
 2
) D
ur
in
g 
m
ea
l 
tim
es
, t
he
 T
V
 is
 a
llo
w
ed
 to
 b
e 
on
; 3
) I
 a
m
 a
llo
w
ed
 to
 w
at
ch
 T
V
 in
 m
y 
ro
om
; 
4)
 I 
am
 a
llo
w
ed
 to
 p
la
y 
on
 th
e 
co
m
pu
te
r w
he
ne
ve
r I
 c
ho
os
e;
 5
) I
 a
m
 a
llo
w
ed
 
to
 u
se
 th
e 
co
m
pu
te
r/p
la
y 
el
ec
tro
ni
c 
ga
m
es
 in
 m
y 
ro
om
 (e
.g
. P
SP
); 
6)
 I 
am
 to
ld
 
to
 si
t s
til
l a
nd
 p
la
y 
qu
ie
tly
. 
1 
= 
ne
ve
r/r
ar
el
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2=
so
m
et
im
es
, 3
=a
lw
ay
s 
R
ul
es
 p
ro
m
ot
in
g 
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e 
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ge
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re
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 S
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1)
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re
nt
s r
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tri
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ow
 m
uc
h 
tim
e 
I s
pe
nd
 w
at
ch
in
g 
TV
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y 
pa
re
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s 
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st
ric
t h
ow
 m
uc
h 
tim
e 
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pe
nd
 u
si
ng
 th
e 
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m
pu
te
r a
nd
 p
la
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ng
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le
ct
ro
ni
c 
ga
m
es
; 3
) I
 a
m
 to
ld
 o
ff 
fo
r w
at
ch
in
g 
to
o 
m
uc
h 
TV
; 4
) I
 m
us
t f
in
is
h 
m
y 
ho
m
ew
or
k 
be
fo
re
 I 
ca
n 
w
at
ch
 T
V
; 5
) A
fte
r s
ch
oo
l, 
m
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M
um
 o
r D
ad
 c
ho
os
e 
w
ha
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 w
at
ch
 o
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/v
id
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V
D
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n 
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e 
ev
en
in
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, m
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M
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 o
r D
ad
 c
ho
os
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w
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ch
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st
ric
tin
g 
SB
 
(r
an
ge
 0
-6
) 
 
 
Pa
re
nt
al
 re
st
ric
tio
n 
of
 S
B
 
(P
) 
1)
 I 
le
t m
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se
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 c
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 re
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m
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 p
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 p
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m
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 c
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ev
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ed
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 d
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te
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1)
 T
he
re
 a
re
 lo
ts
 o
f c
hi
ld
re
n 
ar
ou
nd
 m
y 
ar
ea
 to
 p
la
y 
w
ith
; 2
) I
 o
fte
n 
pl
ay
 in
 th
e 
st
re
et
 w
ith
 o
th
er
 k
id
s i
n 
m
y 
ar
ea
; 3
) I
 o
fte
n 
vi
si
t o
th
er
 k
id
s a
nd
 fa
m
ili
es
 in
 m
y 
ar
ea
; 4
) I
 k
no
w
 m
y 
ne
ig
hb
ou
rs
 q
ui
te
 w
el
l 
1 
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ye
s, 
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no
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 c
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) 
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A
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iv
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A
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lia
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ey
 it
em
s[
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D
ur
at
io
n 
of
 v
ig
or
ou
s g
ar
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ni
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nd
 v
ig
or
ou
s P
A
 a
nd
 m
od
er
at
e 
PA
  
  
Pa
re
nt
 w
ee
kd
ay
 P
A
 
  
 
Pa
re
nt
al
 S
B
 (w
ee
kd
ay
) 
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) 
A
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iv
e 
A
us
tra
lia
 su
rv
ey
 it
em
s[
7]
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D
ur
at
io
n 
of
 si
tti
ng
 a
nd
 w
at
ch
in
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 a
nd
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pu
te
r d
ur
in
g 
w
ee
kd
ay
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5 
(W
EE
K
D
A
Y
S 
O
N
LY
) 
  
Pa
re
nt
 S
B
 p
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 d
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PA
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o-
pa
rti
ci
pa
tio
n:
 
Si
bl
in
g  
(P
) 
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 a
 ty
pi
ca
l w
ee
k,
 fr
eq
ue
nc
y 
th
at
 c
hi
ld
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CHAPTER EIGHT                                               
Thesis Discussion and Conclusion 
Through inter-related studies, this thesis by publication identified the importance 
of the after-school period for children’s physical activity and sedentary 
behaviours, and also the limitations and gaps within the current literature 
examining these behaviours. Subsequently, this thesis addressed many of these 
limitations and generated valuable new knowledge of children’s and adolescents’ 
behaviours during the critical after-school period. Using the standardised 
definition of the ‘after-school period’ identified in Chapter Four (end of school-
6pm), this thesis examined the cross-sectional and longitudinal prevalence of 
Australian children’s after-school physical activity and sedentary behaviours. In 
doing so, it identified the large contribution this period makes to children’s daily 
levels of physical activity and sedentary behaviour, providing a strong rationale 
for interventions to be implemented during this period. To inform the 
development of interventions targeting this period, an understanding of the 
correlates of these behaviours is required. The intrapersonal, social and physical 
environment correlates of children’s after-school physical activity and sedentary 
behaviour were therefore examined, adding to the limited evidence base in this 
area. 
Contained in each paper of this thesis is a discussion of the findings specific to 
that study. Therefore, this chapter synthesises the findings across all studies in 
this thesis and discusses them in relation to previous research. The state of the 
current literature is briefly summarised, however this discussion is predominantly 
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focussed on the original research conducted as part of this thesis. Future research 
recommendations and directions, and the practical implications based on the 
findings from this thesis are provided. 
8.1 Overview and discussion of findings  
8.1.1 Previous state of the literature  
The literature reviews that summariesed the prevalence of children’s after-school 
physical activity and sedentary behaviour (Chapter Two) showed that despite the 
variety of definitions of the ‘after-school period’ used, children have the 
opportunity to be active during this period, yet their participation levels are 
generally low. For example, boys and girls from the UK performed only 13.2 and 
10.6 minutes of  moderate- to vigorous-intensity physical activity respectively 
between 3-5pm (Fairclough et al., 2007), and boys and girls from Denmark, 
Portugal, Estonia and Norway performed between 34-52 minutes and 24-39 
minutes of moderate- to vigorous-intensity physical activity respectively, between 
2pm/3pm and midnight (Nilsson et al., 2009b). In addition, children and 
adolescents spent approximately half of the after-school period in objectively 
measured sedentary time. However, this was comprised of both screen- and non-
screen based sedentary behaviours. For example, children and adolescents spent 
20% of the after-school period engaged in TV viewing and almost 60% in non-
screen based sedentary behaviours such as homework and social sedentary 
behaviours. Further, these behaviours differed according to location (e.g. after-
school care or other locations) and age. Importantly, this has highlighted that TV 
viewing is not the main sedentary behaviour after school as homework, motorised 
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transport and social sedentary behaviours were also large contributors to after-
school sedentary behaviours. 
 The correlates of children’s after-school physical activity are beginning to 
emerge. However, the literature is predominantly cross-sectional, among samples 
from the US, and has typically examined the correlates within just one of the 
domains of the ecological framework. The correlates identified as associated with 
after-school physical activity were predominantly within the intrapersonal and 
social domains of the ecological framework (e.g. self-efficacy (Chaoqun et al., 
2012) and social support (Chaoqun et al., 2012; McMinn et al., 2013)), 
highlighting important gaps for future research to address. 
Of the 58 variables explored as potential correlates of children’s after-school 
sedentary behaviour, only two non-modifiable correlates were associated: sex 
(null association with after-school overall sedentary behaviour and after-school 
TV viewing) and age (inconsistent association with TV viewing and a positive 
association with overall sedentary behaviour). The lack of associations found 
highlighted that the examination of children’s after-school sedentary behaviours, 
and their correlates, is still in its infancy and more research is needed. 
8.1.2 Prevalence of physical activity and sedentary behaviour during the 
after-school period 
To build on the limited research to date, this thesis has provided valuable 
information about children’s after-school physical activity and sedentary 
behaviour levels both cross-sectionally (Chapter Five) and longitudinally 
(Chapter Six) (Table 8.1). As shown in Table 8.1, children from both the 
younger and older cohorts of the longitudinal study increased their after-school 
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sedentary behaviour and reduced their light- and moderate- to vigorous-intensity 
physical activity over five years. This positive relationship between age and 
overall sedentary behaviour is aligned with the finding from the systematic review 
of the correlates of after-school sedentary behaviours (Chapter Two). 
Table 8.1 The percentage of the after-school period spent in sedentary 
behaviour (SED), light- (LPA) and moderate- to vigorous-intensity (MVPA) 
physical from cross-sectional and longitudinal prevalence studies in this 
thesis. 
 SED LPA MVPA 
Cross-sectional sample (Chapter Five) 
        aged 8.1 years 
 
54% 
 
32% 
 
14% 
Longitudinal sample (Chapter Six) 
Younger cohort  
       aged 5-6 years (baseline) 
 
 
28% 
 
 
48% 
 
 
24% 
       aged 10-11 year (5-year follow-up) 43% 47% 11% 
Older cohort  
       aged 10-12 years (baseline) 
 
38% 
 
51% 
 
12% 
       aged 15-16 year (5-year follow-up) 56% 43% 8% 
 
Interestingly, children in the cross-sectional study spent over half of the after-
school period in sedentary behaviour, which parallels the findings from the 
systematic review of after-school sedentary behaviour prevalence (Chapter 
Two). However, this was higher than the majority of findings regarding after-
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school sedentary behaviour from the longitudinal study. Only the 5-year follow-
up prevalence data from children aged 10-12 at baseline (aged 15-17 at follow-
up) are similar to the findings from the cross-sectional study and systematic 
review. Further, the moderate- to vigorous-intensity physical activity performed 
by children in the cross-sectional study is higher than all of the longitudinal 
findings with the exception of the younger cohort’s baseline moderate- to 
vigorous-intensity physical activity levels. 
The differences in the percentage of time spent across sedentary and physical 
activity intensities between the cross-sectional and longitudinal studies may be 
due to the age differences within the samples (5-6 and 10-12 years at baseline in 
the longitudinal analysis compared to 8 years in the cross-sectional analysis). 
Secular changes in physical activity and sedentary behaviours over the nine year 
period between when the cross-sectional and longitudinal studies were conducted 
may have contributed to the behaviour differences. For example, average 
organised sport duration declined by 48 minutes per fortnight between 2006 and 
2012 among Australian 5-8, 9-11 and 12-14 year olds (Australian Bureau of 
Statistics, 2012; Australian Bureau of Statistics, 2006a). The differences may also 
be due to seasonality which has shown to influence the behaviours of children 
(Ridgers et al., 2015) and adolescents (Belanger et al., 2009). In addition, 
differences may be due to technical variations in the accelerometers used to 
measure behaviour (i.e. accelerometer model and epoch length), which are further 
discussed in the strengths and limitations of this thesis in Section 8.2. 
The percentage of time spent in moderate- to vigorous-intensity physical activity 
after school is less than other periods of the day where children also have 
discretion over the behaviours they perform, such as recess and lunchtime. For 
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example, children aged 5-6 years and 10-12 years spent approximately 41% and 
27% of recess in moderate- to vigorous-intensity physical activity respectively, 
and 42% and 29% of lunchtime in moderate- to vigorous-intensity physical 
activity respectively. Further, this thesis showed that children performed more 
sedentary behaviour after school than at recess and lunchtime, as children aged 5-
6 years and 10-12 years spent approximately 15% and 14% of recess sedentary 
respectively, and 22% and 21% of lunchtime sedentary respectively (Ridgers et 
al., 2011). This highlights that the after-school period is a key period that holds 
great potential for setting-specific interventions to target increases in physical 
activity and reductions in sedentary time. 
Sex difference in after-school physical activity prevalence reported in this thesis 
have important implications for intervention development. This thesis found that 
cross-sectionally (Chapter Five) and longitudinally (Chapter Six), girls 
performed more light-intensity physical activity after school than boys, whereas 
boys performed more moderate- to vigorous-intensity physical activity than their 
female counter parts. This is consistent with studies examining daily physical 
activity (Ajja et al., 2012; Steele et al., 2010) and physical activity performed 
during other periods of the day such as recess, lunch (Ridgers et al., 2012a) and 
school time (Hubbard et al., 2016). Conversely, no sex differences in objectively 
measured after-school sedentary behaviour were observed within Chapter Five 
(cross-sectional) or Chapter Six (longitudinal); a finding also supported by the 
systematic review of the correlates of after-school sedentary behaviours contained 
in Chapter Two. The literature examining daily sex differences in sedentary 
behaviour levels is varied with some studies suggesting girls are more sedentary 
overall than boys (Steele et al., 2010) while others have found mixed associations 
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between sex and screen time (Stierlin et al., 2015). However, in relation to 
sedentary behaviours after school, it appears that the association with sex may be 
dependent on the specific sedentary behaviour being performed. For example, 
girls spend more time in social sedentary behaviours such as telephone use and 
shopping/hanging out (which may be also be of a light intensity) than boys (Atkin 
et al., 2008), yet boys engage in more computer and video game use (Atkin et al., 
2008) and combined TV viewing and computer use (Wen et al., 2009).  
There may be specific behavioural differences that explain this variability in light- 
and moderate- to vigorous-intensity physical activity between boys and girls, 
particularly as there were no differences in sedentary time. However, further 
research is required to investigate this. Subsequently, there may also be sex 
differences in the correlates of specific after-school physical activities and 
sedentary behaviours. As explained in section 8.3, future research that explores 
this is needed to inform intervention development and potential sex-specific 
tailoring of strategies which has previously occurred in interventions targeting 
children’s daily behaviours (Okely et al., 2011; Pate et al., 2007).   
8.1.3 Contribution of the after-school period to daily physical activity and 
sedentary behaviour levels  
While the previous section discussed the percentage of time children spend in 
sedentary behaviour and physical activity after school, this thesis also explored 
the contribution that this period makes to overall daily participation cross-
sectionally (Chapter Five) and longitudinally (Chapter Six). Importantly, this 
thesis found that although after school moderate- to vigorous-intensity physical 
activity declined with age (from 18.5 minutes at 10-12 years to 11.5 minutes at 
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15-17 years), the contribution of this period to daily physical activity levels 
increased over this five-year period (from 23% to 33%). This increase in 
contribution to daily behaviours was particularly evident during the transition 
from primary (elementary) to secondary school. In addition, the after-school 
period became more important for girls over time than for boys, as girls’ 
moderate- to vigorous-intensity physical activity levels were lower than boys’, yet 
this period made a greater contribution to their daily levels. Simply, the after-
school period becomes more important over time in contributing to adolescents’ 
physical activity levels, particularly among girls. The contribution that the after-
school period made to daily physical activity levels within this thesis is similar to 
previous research that also used accelerometers to examine after-school 
behaviours (Hager, 2006). Children (aged 9-12 years) in Hager’s study performed 
46% of their daily physical activity between 3pm-9pm; however, it peaked in the 
early after-school hours (i.e. 3pm-6.30pm) during which time boys and girls 
performed 37.2% and 33.7% of their daily physical activity levels respectively 
(Hager, 2006). This further highlights that the definition of ‘after-school period’ 
produced in this thesis (end-of-school to 6pm) should be used for future research 
as behaviours in the later evening period (e.g. 6.30pm-9pm) appear to be very 
different to those performed immediately after school. 
Despite the high levels of sedentary behaviour performed after school, this thesis 
found that 5-6 and 8 year-old children performed approximately 20% of their 
daily sedentary behaviours during the after-school period. Although sedentary 
behaviours increased during the after-school period, the contribution to daily 
levels remained relatively stable with age (15-16 year olds performed 
approximately 16% of their daily sedentary behaviours after school). This 
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contribution is lower than the 26% of daily sedentary behaviours that 10-14 year 
old children from the UK perform after school (Bailey et al., 2012). It is also 
considerably higher than the 1.8% and 6% of daily sedentary behaviours 
performed during recess and lunchtime respectively (Bailey et al., 2012). This 
again indicates that the after-school period is a unique period of the day that 
offers great opportunity for intervention targeting children’s sedentary 
behaviours, and such changes may make a large difference to daily sedentary 
behaviour levels. 
Another novel finding from this thesis was that small changes in children’s after-
school physical activity and sedentary behaviours significantly impacted their 
likelihood of achieving the associated physical activity or sedentary behaviour 
guidelines (Chapter Five). For every additional 1% of the after-school period 
spent in physical activity, children were 31% more likely to achieve the physical 
activity guidelines of at least an hour per day; and for every 1% decrease in the 
after-school period spent in sedentary behaviour, children were 3% more likely to 
achieve the sedentary behaviour guidelines of less than two hours per day of 
screen time. These findings, in addition to the cross-sectional and longitudinal 
prevalence and contribution to daily behaviour levels, highlight that the after-
school period represents a window where significant increases in physical activity 
and reductions in sedentary behaviour could be made. Further, behaviour changes 
during the after-school period would make a substantial improvement to 
children’s compliance with the physical activity and sedentary behaviour 
recommendations. There is therefore a need to better understand the correlates of 
these behaviours to inform future intervention development. 
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8.1.4 Correlates of physical activity and sedentary behaviour during the 
after-school period 
To address the gaps within the literature examining the correlates of after-school 
sedentary behaviours and physical activity identified in Chapter Two, this thesis 
explored the correlates of children’s after-school physical activity and sedentary 
behaviour (Chapter Seven). Using an ecological framework (Bronfenbrenner, 
1989), this thesis examined the correlates within the intrapersonal, social and 
physical environmental domains. Of the 16 variables included in the final model, 
only physical activity co-participation with siblings, the number of days at a 
sporting club, and frequency of non-organised physical activity were positively 
associated with after-school physical activity. Parental concern about their child’s 
health behaviours was the only variable negatively associated with children’s 
after-school physical activity.  
This thesis found that co-participation in physical activity with a sibling was 
associated with a 4% (or 6 minute) increase in moderate- to vigorous-intensity 
physical activity after school among children (aged 8.2 years). This association is 
consistent with previous research examining daily physical activity levels (Efrat, 
2009). Interestingly, there was no relationship between friend co-participation and 
children’s after-school physical activity in this thesis. However, among 
adolescents (12 years) co-participation with friends, but not siblings, is associated 
with more physical activity out of school hours (Garcia-Cervantes et al., 2016). 
This may indicate an age-related change in who children are active with outside 
of school, potentially stemming from changes in social networks and independent 
behaviours. It is also likely that the setting and context of the after-school period 
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changes with age, for example, older children are more likely to be at home 
unsupervised after school than younger children (Australian Bureau of Statistics, 
2007). Subsequently, interventions targeting children’s and adolescents’ after-
school physical activity and sedentary behaviours should consider this, for 
example, through provision of examples of active pastimes children can do with 
their siblings and adolescents can do with their friends.  
An important finding for intervention development is that both the number of 
days at a sporting club and the frequency of non-organised physical activity were 
associated with after-school physical activity. Interventions targeting after-school 
physical activity levels may therefore be effective if they promote physical 
activity regardless of the type. The existence of barriers to organised sport 
participation (e.g. financial and logistical barriers) may limit participation for 
some children. However, this study shows that children can still be active after 
school through non-organised physical activity which requires minimal cost and 
equipment.  
Although the inverse association between parental concerns about their child’s 
health behaviours and children’s after-school physical activity levels is surprising, 
it has been previously observed among pre-school children (Hinkley et al., 2013). 
It does, however, suggest that parents can accurately determine if their child is 
performing suboptimal levels of physical activity and sedentary behaviour after 
school, which may assist recruitment for interventions targeting children with 
these behavioural characteristics. Due to the cross-sectional nature of this study 
and associated limitations (discussed further in section 8.2), causality between 
these variables cannot be determined. Further longitudinal investigation is needed 
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to determine if parental concerns regarding their child’s health behaviours is 
predictive of after-school physical activity levels.   
Of the 17 correlates of children’s after-school sedentary behaviours in the final 
model, only the frequency of non-organised physical activity was negatively 
associated, and lack of the right facilities for children to be active was positively 
associated with after-school sedentary behaviour. As discussed previously, the 
promotion of non-organised physical activity after-school is a simple and cost-
effective intervention strategy that may increase in after-school physical activity. 
Findings from this thesis suggest that it may also simultaneously result in 
reductions in after-school sedentary behaviours as it may be an easy yet engaging 
alternative behaviour. However, as this is one of the first studies to investigate the 
relationship between non-organised physical activity and after-school sedentary 
behaviour, further research is warranted. 
As noted in the systematic review of the correlates of children’s after-school 
sedentary behaviour (Chapter Two), no other studies have previously examined 
the relationship between physical activity facilities and after-school sedentary 
behaviour levels (Arundell et al., 2016). Only one has looked at the provision of 
non-fixed equipment and sedentary behaviour levels (null association), however 
this was only within an after-school program setting (Rosenkranz et al., 2011a). 
Instead research has focused on the relationship between physical activity 
facilities and physical activity levels (Stanley et al., 2012; D'Haese et al., 2015a), 
which was not significant in this thesis. The current findings suggest that 
interventions targeting after-school sedentary behaviours may be effective if they 
increased parental awareness of the facilities within their neighbourhood that can 
be used for physical activity or provide suggestion of how to use the facilities 
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they have (e.g. yard). However, as the agreement between subjective and 
objective measures of physical activity facilities is poor (Ball et al., 2008), global 
positions systems (GPS) or audits of the local neighbourhood would provide 
accurate information regarding the availability of physical activity facilities that 
could be then communicated to families when targeting reductions in after-school 
sedentary behaviour.     
No social environment correlates of after-school sedentary behaviour were 
observed in this thesis. Further, the systematic review in this thesis (Chapter 
Two) did not identify any social environmental correlates associated with 
children’s sedentary behaviours, most likely due to the limited number of 
published studies examining these associations. However, previous research has 
found contrasting results between the social environment and children’s daily 
sedentary behaviours. TV viewing co-participation with the child’s mother was 
found to be positively associated with overall home-based sedentary behaviours 
(Granich et al., 2011), and parent and sibling modelling was positively associated 
with electronic-based sedentary behaviours (Granich et al., 2010). The influence 
of the social environment on after-school sedentary behaviour, particularly role 
modelling, may be behaviour specific where parental, sibling or peer modelling of 
a specific behaviour, such as TV viewing or screen-based sedentary behaviours, is 
associated with elevated levels of that behaviour among children. As this thesis 
assesses overall sedentary behaviour, the associations with specific sedentary 
behaviours was not able to be determined, but warrants further investigation.  
Despite correlates from three domains of the ecological model being identified as 
associated with after-school moderate- to vigorous-intensity physical activity and 
sedentary behaviour in the model 1 findings, the few significant findings from the 
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final analyses indicate that further research examining the correlates of after-
school physical activity and sedentary behaviours is required. As explored in the 
discussion section of Chapter Seven, there are a number of reasons why many of 
the variables were not associated with the outcome behaviours. Firstly, the sample 
was not stratified according to the child’s location, which has shown to impact the 
correlates associated with after-school behaviours (Arundell et al., 2016). 
Secondly, the majority of the survey measures were global measures of the 
correlate rather than measures specific to the after-school period. As explained in 
section 8.3, this is a limitation of this study and may be why there were many null 
findings. Thirdly, the correlates consistently associated with daily behaviours may 
not be as relevant during the after-school period as other times of the day such as 
the later evening period. Two such examples include the presence of a TV in a 
child’s bedroom and rules. Having a TV in a child’s bedroom is consistently 
associated with higher daily electronic media use (Granich et al., 2011); however, 
as suggested by the findings from the systematic review of after-school sedentary 
behaviour prevalence, TV viewing is not the main sedentary behaviour performed 
after-school. Children may therefore be watching TV in their bedroom during the 
later evening period, and subsequently there is no association between having a 
TV in the bedroom and after-school sedentary behaviour. Another example is the 
presence of rules which have been shown to be inversely related to overall screen 
time (Ramirez et al., 2011; Hoyos Cillero and Jago, 2010). However, parents may 
not be home after school to enforce these rules, or home-based rules regarding 
sedentary behaviour may not be required if the child is at after-school care or a 
sporting club. Lastly, this thesis may have missed potentially important correlates 
of after-school physical activity such as homework expectations and distance of 
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school to home which may influence active or sedentary travel. Also, few 
correlates relating to the policy environment within the physical environment 
domain of the ecological model were included in the variables examined. The 
existence of policies regarding use of school facilities or equipment after school 
or mandated physical activity requirements at after-school care may be 
particularly important during the after-school period, and should be examined in 
future research.  
This thesis has provided an initial step in identifying the correlates of children’s 
after-school physical activity and sedentary behaviour required for informing the 
development of intervention strategies aiming to increase physical activity and 
reduce sedentary behaviours after school. There are many considerations for 
future research and practical implications based on these findings which are 
described in Sections 8.3 and 8.4. Strengths and limitations of the current research 
are discussed below. 
8.2 Strengths and limitations of this thesis 
Each of the six publications contained within this thesis included a discussion of 
the strengths and limitation specific to that study. Therefore, this section provides 
only a brief overall discussion of the strengths and limitations of this thesis.  
Both studies which examined the prevalence of children’s after-school physical 
activity and sedentary behaviour (cross-sectionally and longitudinally) used 
objective measures of physical activity and sedentary behaviours. However, the 
model of accelerometer differed (GT3X compared to GT1M) as did the epoch 
used for data collection (15 seconds compared to 60 seconds). Considerable 
literature has explored the impact of these methodological differences on the 
      Chapter Eight: Thesis Discussion and Conclusion 
 
153 
 
behaviour outcomes. The model 7164, which preceded the GT1M, has been 
shown to underestimate time spent sedentary and overestimate light-intensity 
physical activity compared with the GT1M among children (Corder et al., 2007). 
However, no differences in the time children spent in sedentary, light- or 
moderate- to vigorous-intensity physical activity have been observed (Ramirez-
Rico et al., 2014) when comparing the GT1M and the GT3X models (Hänggi et 
al., 2013).  
Many studies have also examined the effect of the epoch length on time spent in 
light-, moderate- and vigorous-intensity physical activity (Welk et al., 2000; 
Edwardson and Gorely, 2010; Nilsson et al., 2002). When comparing the time 
children aged 7-11 years spent in these behaviours using data collected in 5-, 15-, 
30- and 60-second epochs, a shorter epoch resulted in identification of less time 
spent in light-, moderate- and vigorous-intensity physical activity (Edwardson and 
Gorely, 2010). However, a shorter epoch has been found to result in higher 
estimates of very vigorous-intensity (6-8.99 METS) physical activity (Nilsson et 
al., 2002; Edwardson and Gorely, 2010). There is also emerging evidence that 
caution should be taken when applying cut points created using a particular length 
epoch (e.g. 15 seconds as used for the Evenson cut points (Evenson et al., 2008)) 
to data collected in a different epoch length (e.g. 60 seconds) (Banda et al., 2016). 
Doing so may influence physical activity and sedentary behaviour levels as a 
longer epoch results in elevated light intensity physical activity and reduced 
sedentary time (Banda et al., 2016). These methodological considerations may in 
part explain the different prevalence rates of physical activity in the cross-
sectional study that used 15 second epochs compared with the longitudinal study 
that used 60 second epochs.  
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 An additional consideration regarding the use of accelerometers to measure after-
school physical activity throughout this thesis is that accelerometers cannot be 
worn during aquatic activities (Trost, 2001). Further, accelerometers can 
underestimate physical activity performed when riding a bike or walking/running 
up an incline (Trost, 2001), and they cannot assess upper body activities such as 
throwing, catching or carrying heavy objects (Welk et al., 2000). As these 
behaviours are often performed by children, physical activity levels may have 
been underestimated within the studies of this thesis that used accelerometers. 
Subjective measures of behaviours and correlates also have limitations which 
have been thoroughly discussed within the literature (Melanson and Freedson, 
1996; Telford et al., 2004; Sirard and Pate, 2001; Baranowski, 1988; Warnecke et 
al., 1997; Welk et al., 2000). These include social desirability bias (Warnecke et 
al., 1997), recall difficulties (Melanson and Freedson, 1996) and poor time 
perception skills (Welk et al., 2000) among children under 10 years.  
Consequently, parents of children younger than 10 years proxy-reported their 
child’s behaviours; however, this relies on the respondent observing the behaviour 
of interest and understanding the terminology used (e.g. “moderate”, “physical 
activity”) (Baranowski, 1988). However, the behavioural and contextual 
information provided by self- and proxy- report surveys (i.e. what activity was 
being performed and where) is valuable when examining the prevalence and 
correlates of specific behaviours (e.g. TV viewing, active travel) as this 
information cannot be obtained from accelerometers.  
In spite of the above limitations, a major strength of this thesis is the combined 
use of objective and subjective techniques to assess children’s after-school 
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physical activity and sedentary behaviours. This mixed methods approach 
provides a comprehensive understanding of these behaviours. The combination of 
child self- and parent proxy-report surveys also provides rich data about the 
potential influences on children’s after-school behaviours. As children’s and 
parents’ beliefs and perceptions are likely to differ, but still influence behaviour, 
examining self- and parent proxy-reported correlates builds a thorough 
understanding of factors influencing children’s after-school behaviours.   
The cross-sectional design of the correlates study (Chapter Seven) is limited in 
that it is not able to identify causal pathways. For example, while the number of 
days at a sporting club was associated with physical activity, it cannot be 
determined if the number of days at a sporting club predicts physical activity or if 
the reverse is true. However, the use of an ecological model (Bronfenbrenner, 
1989) to frame the exploration of correlates across multiple domains is a strength 
of the study, as often studies only examine the potential correlates from one or 
two domains. This thesis assessed a broad range of potential correlates of 
children’s after-school behaviours within the intrapersonal, social and physical 
environment domains acknowledging that characteristics of all three domains may 
influence behaviour. However, not all correlates were purpose-designed for the 
after-school period and were instead global measures of the correlate, such as 
survey items asking about social support in general without an associated time 
frame. This may limit specificity of the analysis and findings.  
An additional strength of this thesis is the inclusion of longitudinal data to 
highlight how children’s after-school behaviours change over time. Further, the 
longitudinal data examined behaviours over an important transition from 
elementary school to secondary school and from early to late secondary school, 
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identifying potential intervention targets. Given the findings from this thesis and 
the remaining gaps in evidence, many future research recommendations and 
directions, and practical implications have emerged and are described in Sections 
8.3 and 8.4. 
8.3 Future research recommendations and directions 
This thesis has highlighted the importance of the after-school period for children’s 
physical activity and sedentary behaviour participation levels. It also provides a 
foundation for the development of intervention strategies targeting these 
behaviours. Consequently, there are many implications and recommendations for 
future research stemming from the findings of this thesis. 
x Researchers should adopt the standardised definition of the after-school period 
identified in this thesis for future research on children’s after-school physical 
activity and sedentary behaviour. This would allow meaningful comparisons 
between studies of after-school behaviours and population sub-groups (e.g. 
boys and girls, low and high SES groups, etc), developing the evidence base 
on this important time period. 
x In addition to targeting reductions in TV viewing and screen-time after 
school, future interventions should focus on strategies to reduce non-screen 
based sedentary behaviours after school. For example, homework that 
incorporates a physical activity component or requires children to be standing 
throughout the task could be provided by teachers (e.g. a homework task 
could be to develop and teach family members a new active game) to reduce 
or interrupt long periods of sedentary behaviours at home. Alternatively, 
      Chapter Eight: Thesis Discussion and Conclusion 
 
157 
 
recommendations regarding the time of day that sedentary homework tasks 
are completed (e.g. after 6pm, or after daylight hours) could be developed by 
teachers in collaboration with parents. This would free the daylight hours for 
active play and potentially reduce the time for other non-homework related 
sedentary behaviours prior to bedtime. 
x Interventions targeting after-school physical activity may benefit from 
promoting both non-organised physical activity and organised physical 
activity such as attendance at sporting clubs. However, the barriers to 
participation in these activities after school (e.g. logistical and financial 
barriers, not appealing to children who do not like sport), need to be identified 
and the feasibility of potential solutions investigated (e.g. government 
subsidies or reduced sporting club fees for low SES participants, walking 
buses to the sporting clubs or local parks where children can play, supervision 
at local parks during the after-school hours etc.).  
x Additional research examining the correlates of children’s after-school 
physical activity and sedentary behaviour is needed to guide intervention 
development. In addition, to build upon the correlates literature, longitudinal 
research into the determinants of these behaviours is also required. There are a 
number of suggestions for future correlate and determinant research identified 
from this thesis that should be considered: 
o Future research should examine the longitudinal determinants of 
children’s after-school behaviours across all domains of the ecological 
model to provide a comprehensive understanding of the factors that 
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influence participation. This will also provide information on the context 
within which the identified determinants can be understood. 
o Survey items that are purposefully designed to measure the correlates and 
determinants of after-school physical activity and sedentary behaviour 
should be used in future studies instead of global measures of these 
variables (e.g. presence of friends to be active with during the after-school 
period, frequency of support for after-school physical activity). 
o Further investigation into behaviour-specific correlates and determinants is 
warranted as the correlates appear to differ according to the behavioural 
outcome (e.g. TV viewing or Computer/DVD/video games). This would 
require the use of valid and reliable measures that can capture behaviour-
specific information and the correlates specific to the after-school period. 
o Research should also consider and assess the context of the behaviour (i.e. 
where the child is located and who they are with) as the behaviours differ 
according to context. Consequently, intervention strategies targeting these 
behaviours may need to be tailored accordingly. For example by 
developing strategies that target home or after-school care physical 
activity and sedentary behaviours or behaviour performed with siblings or 
peers. 
o As boys and girls display different after-school physical activity and 
sedentary behaviour levels, large study samples that enable stratification 
by sex are needed to investigate the behaviours performed, and the sex-
specific correlates and determinants of boys’ and girls’ after-school 
physical activity and sedentary behaviour. This would assist the 
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development of sex-specific intervention strategies to promote after-school 
physical activity and restrict sedentary behaviour participation. 
8.4 Practical implications from this thesis  
The findings from this thesis should be considered by, and may be useful for, 
researchers, parents, teachers, schools, after-school care and extracurricular 
activity providers, and policy makers. Some suggestions and recommendations 
are outlined below:  
x After school, physical activity should be promoted and both screen and non-
screen based sedentary behaviours restricted particularly when children are at 
locations other than after-school care. For example, parents could promote 
non-organised physical activity when at home during the after-school period. 
This should be done from a young age to reduce the age-related declines in 
physical activity and increases in sedentary behaviour.  
x To increase opportunities for physical activity and reduce sedentary 
behaviours, after-school care programs should be developed with a focus on 
physical activity and the amount to be included in the program potentially 
mandated (e.g. 30 minutes of physical activity per day). After-school care 
providers may also be required to undertake training specific to the provision 
of physical activity. Furthermore, screen-based sedentary behaviours should 
be excluded from these programs and non-screen based sedentary behaviours 
limited. 
x To increase participation in after-school physical activity and reduce 
sedentary behaviour, extracurricular sports and training programs conducted 
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either by schools or external organisations should be promoted to children. 
For example, schools could provide opportunities for children to use their 
facilities and equipment after school hours, and financial support made 
available to those who need it to facilitate participation. Alternatively, schools 
may become involved in government strategies promoting physical activity, 
such as Sporting Schools (www.sportingschools.gov.au) which targets 
Australian primary schools (Australian Government Australia Sports 
Commission, 2015). Within these strategies, schools could opt to have a 
strong focus on promoting physical activity during the after-school period. 
Further, such strategies could also be adapted to an international audience to 
target after-school behaviours among children in other countries. 
x Strategies to increase the availability of facilities or awareness of facilities for 
children to be active could be implemented to target reductions in after-school 
sedentary behaviour. Examples of these include informing parents of the 
facilities currently in their neighbourhood and providing suggestions of how 
children could use the facilities they have (e.g. driveway, yard) to be active. 
Although not examined in this thesis, the availability of physical activity 
facilities may be increased through collaboration with local government and 
urban planners. For example, by ensuring adequate walking paths and parks 
are included when upgrading or developing new suburbs.  
x To further increase availability of facilities or awareness of facilities, 
communities could become involved in “Play Streets”, where streets are 
closed to traffic for a certain time of the day to allow children to play on them. 
Although these have only been trailed in three streets in Melbourne Australia, 
they are established in Ghent, London and Edinburgh where they have shown 
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to increase children’s moderate- to vigorous-intensity physical activity and 
sedentary behaviour (D'Haese et al., 2015b). 
x To encourage girls’ participation in physical activity and limit their sedentary 
behaviour, parents and teachers could refer to Government initiatives such as 
“Girls make your move” (Australian Government Department of Health, 
2016). Tips and resources for parents and teachers are provided to encourage 
girls to be active at any intensity. While this is not specifically focused on the 
after-school period, many suggestions, for example making physical activity 
part of the family routine, could be implemented during this time. 
x Australian recommendations for children’s physical activity and sedentary 
behaviours previously specified that sedentary behaviours should be restricted 
during daylight hours (Department of Health and Aging Australian 
Government, 2004); however, this has since been removed from the current 
guidelines (Australian Government Department of Health, 2014). Given the 
contribution the after-school period makes to the likelihood of achieving the 
recommendations, future iterations may need to specify that physical activity 
should be promoted and sedentary behaviour restricted during this period. 
8.5 Conclusions 
This thesis has built on the limited Australian and international literature 
examining children’s physical activity and sedentary behaviour during the 
important after-school period. Despite a variety of definitions of ‘after-school’ 
previously used within the literature, children and adolescents spend 
approximately half of the period sedentary and after-school sedentary behaviours 
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increase as children age. Further, children and adolescents perform many screen- 
and non-screen based sedentary behaviours during this time, providing a variety 
of potential intervention targets. Conversely, physical activity is performed for a 
much shorter duration after school. However, the physical activity undertaken 
during the after-school period makes a large contribution to children’s daily 
physical activity levels and this contribution increases over time. There is, 
therefore, a strong rationale for interventions to target after-school physical 
activity and sedentary behaviour levels from a young age.  
Investigation into the correlates of children’s after-school physical activity and 
sedentary behaviours is still in its infancy, but is required for intervention 
development. Importantly, such correlates appear to be context-specific as where 
the child is (i.e. after-school care, sporting clubs or other locations) and who they 
are with (e.g. siblings) are important for participation in physical activity and 
sedentary behaviour.  
Participation in non-organised physical activity after school is a simple, low cost 
and feasible intervention strategy that may result in increases in physical activity 
and reductions in sedentary behaviour during this time. Further, physical activity 
co-participation with siblings and attending a sporting club are also potential 
intervention strategies that may increase children’s after-school physical activity; 
however, these may require additional financial and logistical considerations.  
Interventions targeting reductions in after-school sedentary behaviour may benefit 
from ensuring appropriate facilities for children to be active are available. Future 
longitudinal research using purpose-developed and context-specific survey items 
      Chapter Eight: Thesis Discussion and Conclusion 
 
163 
 
would build on the evidence regarding correlates of children’s after-school 
physical activity and sedentary behaviour produced from this thesis.  
This thesis has highlighted that although the after-school period is one of several 
periods of the day in which children can be active and sedentary, the period 
provides a great opportunity for children and adolescents to accumulate their 
physical activity, screen- and non-screen based sedentary behaviours. 
Subsequently, the potential to target these behaviours through interventions is also 
recognised. Interventions that are developed taking into consideration the 
correlates identified as important for the promotion of after-school physical 
activity and reductions in sedentary behaviour, may result in positive behaviour 
change and therefore, benefit the current and future health of children and 
adolescents.
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Abstract
Background: Physical activity (PA) is associated with positive cardio-metabolic health and emerging evidence
suggests sedentary behavior (SB) may be detrimental to children’s health independent of PA. The primary aim of
the Transform-Us! study is to determine whether an 18-month, behavioral and environmental intervention in the
school and family settings results in higher levels of PA and lower rates of SB among 8-9 year old children
compared with usual practice (post-intervention and 12-months follow-up). The secondary aims are to determine
the independent and combined effects of PA and SB on children’s cardio-metabolic health risk factors; identify the
factors that mediate the success of the intervention; and determine whether the intervention is cost-effective.
Methods/design: A four-arm cluster-randomized controlled trial (RCT) with a 2 × 2 factorial design, with schools as
the unit of randomization. Twenty schools will be allocated to one of four intervention groups, sedentary behavior
(SB-I), physical activity (PA-I), combined SB and PA (SB+PA-I) or current practice control (C), which will be evaluated
among approximately 600 children aged 8-9 years in school year 3 living in Melbourne, Australia. All children in
year 3 at intervention schools in 2010 (8-9 years) will receive the intervention over an 18-month period with a
maintenance ‘booster’ delivered in 2012 and children at all schools will be invited to participate in the evaluation
assessments. To maximize the sample and to capture new students arriving at intervention and control schools,
recruitment will be on-going up to the post-intervention time point. Primary outcomes are time spent sitting and
in PA assessed via accelerometers and inclinometers and survey.
Discussion: To our knowledge, Transform-Us! is the first RCT to examine the effectiveness of intervention strategies
for reducing children’s overall sedentary time, promoting PA and optimizing health outcomes. The integration of
consistent strategies and messages to children from teachers and parents in both school and family settings is a
critical component of this study, and if shown to be effective, may have a significant impact on educational
policies as well as on pedagogical and parenting practices.
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Background
In the past few decades, rates of overweight and obesity
and related metabolic and cardiovascular risk factors in
children have steadily increased worldwide [1-4]. Physi-
cal activity plays an important role in the prevention of
metabolic and cardiovascular health risk factors in chil-
dren [5]. Increasingly, evidence suggests that sedentary
behaviors, such as prolonged periods of television view-
ing, electronic games, and computer use (collectively
called screen-time) may adversely affect children’s
weight status, independent of physical activity participa-
tion [6,7]. While these screen behaviors are most com-
monly performed during children’s leisure-time there
are many opportunities throughout the day for children
to be sedentary (e.g., being driven to school, sitting in
class, and sedentary homework). Further, while some
longitudinal evidence suggests that increases in the time
children spend in sedentary behaviors seem to be off-set
by corresponding decreases in physical activity during
the primary school years [8], other studies have reported
independent changes in these behaviors over time sug-
gesting that they should be viewed as separate rather
than converse constructs [9].
There is emerging evidence that not just screen time,
but total sedentary time may be detrimental to chil-
dren’s health. A cross-sectional study of 208 Portuguese
children (mean age 9.8 years) found positive associations
between accelerometer-measured sedentary time
(defined as < 500 Actigraph counts per minute [cpm])
and insulin resistance, and inverse associations between
moderate- to vigorous-intensity physical activity
(MVPA; ≥2, 000 cpm) and insulin resistance [10]. A
study of 111 US children (aged 3-8 years), however,
found no cross-sectional associations between time
spent sedentary (< 100 cpm) and systolic or diastolic
blood pressure (BP) [11]. Nevertheless, that study
reported that children in the highest tertile for proxy-
reported television viewing time (approximately 155
mins/day) were significantly more likely to have higher
systolic and diastolic BP compared with children in the
lowest tertile (approximately 8 mins/day).
Observational evidence from studies among adults
suggests that the manner in which time spent sedentary
is accumulated may also be detrimental to health. For
example, a cross-sectional study with 168 Australian
adults (mean age 53 years) found that independent of
MVPA levels, those with less frequent interruptions to
accelerometer-measured sedentary time (≥100 cpm)
with light-intensity physical activity had less favourable
health profiles (waist circumference, body mass index,
triglycerides, 2-hour plasma glucose) compared to those
with more frequent interruptions [12]. Interestingly, the
average duration of light-intensity breaks was less than
five minutes, suggesting that even brief interruptions to
time spent sedentary may be beneficial to health. To our
knowledge, no observational or experimental studies
have examined the association of interruptions to seden-
tary or sitting time and health in children, nor has the
role of light-intensity physical activity and children’s
health been previously studied.
While few intervention studies have examined the
effectiveness of strategies to reduce children’s overall
sedentary time, several review papers have summarized
the effectiveness of interventions to reduce children’s
screen time [6,13,14]. While this evidence suggests these
strategies (delivered primarily through school-based cur-
riculum), have positive effects on children’s weight and
have successfully reduced TV viewing, as noted earlier,
there are many opportunities to be active throughout
the day both at school and at home [15] and few if any
of these interventions to reduce children’s screen time
have resulted in corresponding increases in physical
activity.
Several studies have reported significant positive
effects on children’s physical activity in the school set-
ting by targeting the school curriculum or through
changes in the school environment [16-19]; however,
few studies report on intervention effects on children’s
sedentary time. A recent experimental study by Benden
et al. among children in four classes in Central Texas
introduced standing desks into classrooms and found
that after 12 weeks all children were standing for 75% of
the time [17]. However, the intervention only targeted
energy expenditure at school and did not incorporate
strategies to increase energy expenditure or reduce
sedentary behavior outside of school hours. A further
challenge with this type of intervention is whether the
aim is to reduce children’s sedentary time, increase phy-
sical activity or both. In a meta-analysis of intervention
studies that aimed to promote young people’s physical
activity or reduce screen time, pooled effect sizes of 0.12
and -0.29 respectively were reported [14]. The authors
concluded that strategies to reduce sedentary behavior
appeared to be more effective than strategies to increase
physical activity. However, the efficacy of strategies to
increase physical activity and reduce sedentary behavior
separately and in combination has not been examined.
Ecological models suggest that settings-based
approaches may be an effective method for intervening
with children’s health behaviors [20,21]. Interventions
that target places and contexts in which large numbers
of children are sedentary or active are likely to have a
greater public health impact than approaches that
involve one-on-one program delivery. In addition, an
important aspect in the development of effective and
efficacious behavioral interventions is the use of a
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theoretical framework [22,23]. The use of behavioral
theory helps guide the development of strategies that
are most likely to result in changes in behavior through
targeting the key mechanisms or mediating constructs
of change [24,25]. Commonly employed theories in chil-
dren’s physical activity and sedentary behavior interven-
tion studies include: social cognitive theory [26]; theory
of planned behavior [27]; and behavioral choice theory
[28]. A limitation of many of these theories is the focus
on intrapersonal factors, which on the one hand are
important for targeting change at the individual level,
but are less useful when targeting changes at the popu-
lation level. More recently, but less frequently, ecological
models such as the social ecological model of health
promotion [29] and the family-based ecological systems
theory [20] have also been employed in interventions to
promote children’s physical activity with mixed success
[30,31].
Very few studies, even those that report use of beha-
vioral theory in the design of their intervention, examine
the mediators or mechanisms of behavior change. Sev-
eral reviews of mediators of physical activity interven-
tions in children and youth have identified key
mediators to target including: self-efficacy; behavioral
capability; perceived social support; physical activity
knowledge and beliefs; and enjoyment of or preference
for physical activity [32-34]. Just two studies have exam-
ined possible mediators of change in sedentary behaviors
such as television viewing and computer use in young
people [35,36]. The DOiT study was an obesity preven-
tion intervention based on the theory of planned beha-
vior and habit strength theory [37] that aimed to
improve dietary and physical activity habits as well as
reduce sedentary time of Dutch adolescents [35]. In that
study there were no mediating effects of attitude, subjec-
tive norms (i.e. the degree to which an individual is
inclined to agree with the expectation of other impor-
tant persons’ opinions, normative beliefs), behavioral
control or habit strength on youth screen time. Based
on the self-determination theory [38] and the theory of
meanings of behavior [39], the Get Moving! program
was a media-based intervention delivered via the school
setting that aimed to increase physical activity and
decrease sedentary behaviors in predominantly Latino
middle school girls in California, USA [36]. The authors
found a non-significant trend for a mediating effect of
intrinsic motivation to be physically active on television
viewing time. No other mediating effects were observed.
It is therefore important that intervention studies not
only target key mediators that lie on the behavior
change pathway, but that these pathways are then tested
statistically. This will ensure a better understanding of
why an intervention worked or not and will further
inform the utility of behavior change theories. Another
often-overlooked aspect of children’s health behavior
change interventions is the economic cost of program
delivery. Not only is it important to test whether an
intervention works and why, it is also critical that it is
cost effective. Cost-effectiveness analysis combines effec-
tiveness and cost data to show whether an intervention
represents ‘value for money’, with results expressed as
incremental cost-effectiveness ratios. A range of stan-
dard methods are available to guide economic evaluation
of an intervention program [40,41]. For example, the
Assessing Cost Effectiveness (ACE)-Obesity study exam-
ined the economic evaluation of thirteen interventions
which targeted unhealthy weight gain in children and
adolescents [42,43]. While the cost-effectiveness of
interventions varied greatly, the most cost-effective stra-
tegies included ‘Reduction of TV advertising of high fat
and/or high sugar foods and drinks to children’, ‘Laparo-
scopic adjustable gastric banding’ and the ‘multi-faceted
school-based programme with an active physical educa-
tion component’[42]. Further research is required to
identify the cost-effectiveness of strategies to reduce
children’s sedentary behavior and promote physical
activity in the school and home settings.
This proposal builds on our program of research
[42,44,45] aimed at identifying effective and cost-effec-
tive strategies that positively influence children’s health
behavior and translate to improved health outcomes.
This paper presents a summary of the Transform-Us!
intervention including its aims, development, interven-
tion methods and assessment protocols.
Aims
The primary aim of the Transform-Us! study is to deter-
mine whether an 18-month, behavioral and environmen-
tal intervention in the school and family settings results
in higher levels of physical activity and lower rates of
sedentary behavior among 8-9 year old children com-
pared with usual practice (post-intervention and 12-
months follow-up). The secondary aims are to deter-
mine the independent and combined effects of PA and
SB on children’s cardio-metabolic health risk factors;
identify the factors that mediate the success of the inter-
vention; and determine whether the intervention is cost-
effective.
Study Protocol Overview
Transform-Us! is a four-arm cluster randomized con-
trolled trial with primary schools in Melbourne, Austra-
lia being the unit of randomization. The intervention
will run for approximately 18 months (end of Term 2,
2010 to end of Term 4, 2011), with a 12-month tapered
maintenance period in 2012. Transform-Us! is funded
by a National Health and Medical Research Council
Grant (No.533815). Ethical approval was obtained from
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the Deakin University Human Research Ethics Commit-
tee (EC 141-2009), the Victorian Department of Educa-
tion and Early Childhood Development (2009_000344)
and the Catholic Education Office (Project Number
1545).
Methods/Design
Study population
Twenty primary schools within a 50 km radius of Mel-
bourne will be involved in Transform-Us!. All year 3
children in the intervention schools will receive the pro-
gram and all year 3 children in all schools will be invited
to participate in the evaluation of the intervention with
the aim to recruit 600 students. Due to significant
increases in sedentary behaviors and declines in physical
activity among children in primary school, 8-9 year olds
were considered a key target population. In addition, for
practical purposes a three-year study implemented in
year 3 would ensure children remained at primary
school throughout the entire study ensuring ease of fol-
low-up.
Recruitment of schools
School principals will be contacted via fax or email and
invited to participate in the Transform-Us! study. All
interested principals (and teachers if in attendance) will
be given a detailed presentation outlining the program
and required commitment. Principals who agree to par-
ticipate in the study will then be provided with a plain
language statement and consent form to be signed and
returned prior to participation. As the Transform-Us!
program will involve modification to the delivery of the
school curriculum, approval from the school council/
board will also be required.
Recruitment of participants
All year 3 children in eligible schools will be provided
with an information pack for their parents or carers/
guardians (hereafter referred to as parents) containing a
plain language statement and consent form for the par-
ents’ and child’s participation. As the school will have
consented to the program being delivered to all year 3
children and parents, consent will only be required for
the evaluation components. Parents will be able to
nominate which assessment components they give con-
sent for their child to participate in (i.e., accelerometer,
inclinometer, anthropometry, survey, blood pressure
and/or blood sample, or all components). At baseline,
all year 3 teachers will be provided with an information
pack containing a plain language statement and consent
form to be signed and returned prior to participation in
the evaluation assessments. To maximize the sample
and to capture new students arriving at intervention
schools, recruitment will be on-going up to the post-
intervention time point. The schools, teachers and parti-
cipants will not be paid to participate in Transform-Us!.
Sample size calculations
It is expected that the intervention effects on behavioral
and biological primary outcomes will be moderate in
size (standardized difference ~ 0.32, equivalent to a
mean change in objectively-measured PA of 8 minutes
per day [SD = 18 min] and a change in body mass
index (BMI) units (age-sex difference from population
norm data) of 1.9 kg/m2 [SD = 0.25]) [25,46]. Without
accounting for school cluster effects, the number of par-
ticipants needed to detect a standardized difference of
0.32 with 0.8 power for sedentary behavior (SB-I) and
physical activity (PA-I) alone and in combination (SB
+PA-I), using a significance level of 0.05 with a two-
tailed test, assuming a retention rate of 91% (based on
the team’s previous experience) and 20 participating
schools, would be 340 in total (17 per school). With a
previously observed school clustering effect of 0.018
(intra-class correlations [ICCs] for sedentary behavior,
physical activity and BMI outcomes estimated using
data from a previous intervention study)[44], the mini-
mal total number of participants needed is 520, i.e., 26
per school. Hence, we will conservatively recruit 30 par-
ticipants per school, giving a total sample size of 600
participants.
Moderate mediated effects of the intervention on the
behavioral outcomes are expected (here a moderate
mediated effect size is defined as standardized regression
coefficients a and b of ~ 0.39)[47]. According to a 2007
simulation study by Fritz and MacKinnon [48], to detect
a moderate mediated effect size with 0.8 power, using a
significance level of 0.05 with a two-tailed test and bias-
corrected bootstrap methods, ~ 61 independent observa-
tions are needed. If we assume a 9% rate of loss to fol-
low-up, an average school cluster effect of 0.03 for the
mediators (ICCs estimated using data from a previous
intervention study)[44] and an average of 30 observa-
tions per school (see above), the sample size needed to
detect a moderate mediated effect size would be 100 (20
per school). Hence, the sample size needed to detect
moderate intervention effect sizes with 0.8 power for the
primary outcomes (n = 600) will also be sufficient to
detect a moderate-sized effect with 0.8 power for the
mediating variables.
Randomization
A listing of Melbourne suburban primary schools (n =
367), their enrolment number and associated suburb
socioeconomic index for areas (SEIFA) score (suburb
disadvantage score) will be obtained. Schools with an
enrolment of over 300 students will be grouped in quin-
tiles of SEIFA score and schools from the first, third
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and fifth quintiles will be selected to represent low, mid
and high SEIFA strata respectively. Schools in each stra-
tum will be randomly ordered with probabilistic weight-
ing according to enrolment number, and will be
approached consecutively and offered participation.
Schools will then be randomly allocated to either SB-I,
PA-I, SB+PA-I or current practice control (C).
Intervention
Development and Pilot Phase
A previous research-to-practice study (Switch-2-Activ-
ity) demonstrated the feasibility of teachers delivering
materials targeting the promotion of children’s physical
activity and reductions in screen time [49]. For the cur-
rent study, seven teachers, including a vice-principal,
were interviewed regarding the feasibility of introducing
regular classroom standing breaks. Short breaks were
considered feasible with consistent feedback regarding
the duration; anything longer than 2-minutes was
viewed as being unlikely to be adopted by teachers. A
subsequent pilot study to assess the feasibility and effec-
tiveness of regular 2-minute classroom breaks found a
20-minute decline in children’s objectively measured
sedentary time during class and a corresponding 20-
minute increase in moderate- to vigorous-intensity phy-
sical activity [50]. All class-based components of Trans-
form-Us! were developed by the investigators with input
from current and previous primary schools and
representatives of the Victorian Department of Educa-
tion and Early Childhood Development.
Theoretical basis of Transform-Us!
Physical activity interventions that base their strategies
on behavioral theories are more likely to be effective
than atheoretical approaches [51]. Table 1 shows the
mediators that will be targeted in Transform-Us!. These
mediators are based on elements of the behavioral the-
ories that have previously been shown to be effective in
encouraging behavior change in children’s physical
activity and sedentary behavior [44,51-54] including:
social cognitive theory [26]; behavioral choice theory
[28] and ecological systems theory [20]. These theories
recognize that there are multiple levels of influence on
health behavior including intrapersonal (e.g., awareness,
self-efficacy, enjoyment), interpersonal (e.g., parents, sib-
lings, peers, teachers), physical environmental (e.g., tele-
vision in child’s bedroom, access to parks/playgrounds),
and policy influences (e.g., school physical activity poli-
cies and timetables). As previous research has shown
consistent sex differences in physical activity [55] and in
some sedentary behaviors (particularly computer use
and playing electronic games [56-58]) and sex was a sig-
nificant moderator in the Switch-Play study [44] the
intervention will be tailored for boys and girls wherever
possible. See Table 2 for a summary of the intervention
strategies.
Table 1 Theoretical* basis of the Transform-Us! intervention and links to program objectives
Constructs Mediators or
determinants
Program Objectives
Intrapersonal
Confidence Self-efficacy Improve confidence in ability to be active or reduce sedentary time
Preference Enjoyment Increase enjoyment and preference for physical activity
Expectations Benefits/barriers Increase knowledge of benefits & strategies to overcome barriers
Expectancies Evaluation of anticipated
outcome
Alter perception of pros and cons of being more active
Skills Self-management Self-rewards, self instructions, TV viewing styles
Behavioral
rehearsal
Self-monitoring &
contracting
Goal setting, contracting with others, rewards
Interpersonal
Observational
learning
Modelling by parents/
siblings
Encourage parents & siblings to reduce their own SB & increase PA
Social support Modelling/social support Encourage parents & siblings to support child to spend less time in SB & more time in PA; teachers
encourage/support PA during recess/lunch
Social structure Rules Parents enforce rules regarding limiting screen time at home, during meals, during daylight hours
Environmental
Imposed
environment
Availability Increase the amount of PA equipment available at school & home. Reduce the availability of TVs/
computers/electronic games at home
Imposed
environment
Access Increase access/opportunities for PA at school & at home. Decrease access to TV/computers/electronic
games at home
Imposed
environment
Policy Interrupted sitting during class-time; presence of supervising teachers during recess/lunch
* Based on social cognitive theory [26], behavioral choice theory [28], ecological systems theory [20]
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Sedentary behavior intervention arm (SB-I)
Reducing uninterrupted time spent sitting during school
hours will be aimed for in the school setting; and redu-
cing overall sitting time and discretionary screen-based
behaviors (i.e., television viewing, computer use and
electronic games) will be aimed for in the family setting.
In addition, key mediators of sedentary behavior change
will be targeted (Table 1).
School setting
Curriculum-based key learning messages
Key learning messages will be adapted from Switch-Play
materials incorporating key principles of behavior
change and delivered by classroom teachers in 18 les-
sons (9 lessons per year). Teachers will be provided with
complete lesson plans but encouraged to modify the
materials to suit their class and teaching style. The sec-
ond year of the intervention will reinforce and enhance
the lessons from the first year. Key messages will focus
on raising awareness; self-monitoring; goal setting; beha-
vioral contracts; social support (team-based activities at
school; homework to do with parents); and feedback
and reinforcement (external and intrinsic rewards). All
lessons are developed in line with the Victorian Essential
Learning Standards for year levels 3 and 4. Furthermore,
children will be encouraged to meet the national recom-
mendations for young people of less than two hours per
day in electronic entertainment media [59].
Interrupting classroom sitting time
Teachers will modify the delivery of one class lesson per
day (~30 minutes) so that children will complete the
lesson standing up. Teachers will be provided with a
suite of standing lesson delivery methods that can be
modified to any class topic (e.g., ‘Stations around the
room’ shown in Appendix 1). If administered as
intended, this should result in approximately 150-
minutes less sitting time per week. In addition, every
two-hour classroom teaching block will be interrupted
every 30 minutes with a 2-minute guided light-intensity
activity break (e.g., ‘Bean-bag Spelling/counting’ shown
in Appendix 2). This will equate to a total of six min-
utes interrupted sitting time every two hours. On aver-
age, schools in Victoria have two 2-hour teaching blocks
per day so this should result in up to 60-minutes less
sitting time per week. Teachers will be provided with a
menu of activities to deliver during the 2-minute breaks.
Environmental cues and prompts
Each class will be provided with several standing easels
so that children can rotate learning activities at ‘standing
stations’. In addition, a novelty timer will be given to
each class so that teachers can monitor 2-minute stand-
ing breaks and every 30-minutes of sitting class time.
Family setting
Newsletters
Nine newsletters per year (18 in total) will be sent home
to parents providing project updates and tips on redu-
cing their child’s sedentary behaviors. The newsletters
will support the key learning messages delivered to the
children in the classroom and will help parents reinforce
maintaining children’s screen-time to a minimum. They
will be translated into the most common languages spo-
ken among the families with non-English speaking back-
grounds. Newsletters will incorporate family based
activities for parents to complete with their child and
contain information about ways to reduce their child’s
screen time, including the effective use of rules (i.e., no
television viewing during mealtimes, restrictions on
small screen use, etc.).
Homework assignments
Homework tasks will be modified to reduce sitting time
while completing them at home (e.g., complete
Table 2 Transform-Us! intervention components
SB-I PA-I SB+PA-I
School setting
Curriculum
component
• 18 key learning messages (9 per
year)
• 18 key learning messages (9 per year) • 18 key learning messages (9 per year)
Class strategies • Standing lessons (1 × 30-min/day)
• Active 2- min breaks after 30-min
class time
NA • Standing lessons (1 × 30-min/day)
• Active 2- min breaks after 30-min class time
Physical
environment
• Standing easels
• Novelty timer
• Provision of sporting equipment, line
markings and signage
• Provision of pedometers
• Standing easels
• Provision of sporting equipment, line
markings and signage
• Provision of pedometers
Family setting
Homework tasks • Reduce sitting time while
completing home work
• Homework tasks incorporate PA • Homework tasks incorporate PA and
reductions in sitting time
Newsletters • Tips for reducing sitting time at
home
• Tips for increasing PA at home • Tips to reduce sitting time and promote PA
at home
PA: physical activity; SB: sedentary behavior; PA-I: physical activity intervention; SB-I: sedentary behavior intervention
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worksheets while standing at the kitchen bench). Chil-
dren will also be given homework tasks to complete
with their parents; for example, to switch off the televi-
sion for a whole weekend day and do something with
their parents (a menu of alternative light-intensity activ-
ities will be provided).
Physical activity intervention arm (PA-I)
Increasing or maintaining moderate- to vigorous-inten-
sity physical activity (e.g., active play, organized and
non-organized games) during recess and lunch breaks
will be targeted in the school setting and time spent
outdoors will be targeted in the family setting. The key
mediators of change in physical activity will also be tar-
geted (shown in Table 1).
School setting
Curriculum-based program
As for SB-I, 18 key learning messages (9 lessons per
year) modified from Switch-Play [44] but focusing on
increasing physical activity will be delivered by teachers.
Children will be encouraged to meet the national physi-
cal activity recommendations for young people of 60-
minutes of moderate- to vigorous-intensity physical
activity every day. All lessons will be developed in line
with the Victorian Essential Learning Standards for year
levels 3 and 4.
Physical activity during recess and lunch breaks
Physical activity will be promoted and encouraged dur-
ing recess and lunch breaks. Based on previously effica-
cious intervention strategies promoting physical activity
during recess and lunch breaks [60], schools will be pro-
vided with sports equipment to make available for chil-
dren to use in recess and lunch breaks, and teachers
and peers will provide encouragement and support for
active games.
Environmental cues and prompts
Signage will be used to promote physical activity in
schools and will be regularly updated. Consistent with
previously successful interventions [61], schools will
select and receive novel line markings promoting active
play in asphalt areas in the school playground. Each
class will be provided with a set of pedometers for use
during the key learning messages based on physical
activity capability. Furthermore, the pedometers can be
rotated throughout the class for children to gain aware-
ness of their steps in different environments (e.g. week-
day, weekend, school camp).
Family setting
Newsletters
Eighteen newsletters (nine per year) will be sent home
to parents providing project updates and tips on pro-
moting their child’s physical activity. The newsletters
will support the key learning messages delivered to the
children in the classroom and will help parents reinforce
physical activity promotion at home. They will be trans-
lated into the most common languages spoken among
the families with non-English speaking backgrounds.
Newsletters will incorporate family-based activities for
parents to complete with their child. For example, news-
letters will contain information about activities to do at
home and in their neighborhood (suitable for boys and
girls). Parents will also be directed to the Kinect Austra-
lia website http://www.kinectaustralia.org.au/content/
Public/Homepage.aspx and free Infoline, both of which
contain information for parents on ways to engage their
child in physical activity at home, ways to be active with
their child, as well as identifying specific places in their
own neighborhood where they can take their child to
play (e.g., playgrounds, walking trails, local sports clubs).
Homework assignments
Homework tasks will be modified to incorporate physi-
cal activity and children will be encouraged to complete
these tasks with their parents (e.g., go for a walk with
their parents and write about where they went and what
they saw; mathematics homework using their stride as
the unit of measurement).
Combined sedentary behavior and physical activity
intervention arm (SB+PA-I)
Schools randomized to the combined SB+PA-I interven-
tion arm will receive a blended version of the two inter-
ventions, but with the same intervention ‘dose’. For
example, when children in this arm complete a beha-
vioral contract to switch off the television, they will be
encouraged to participate in physical activity (SB-I chil-
dren will not be directly encouraged to participate in
activity when they switch off their television). The com-
bined intervention arm will include 18 class lessons (9
per year), standing lessons and interruptions to chil-
dren’s classroom sitting time (short breaks), the promo-
tion of physical activity during recess and lunch breaks,
and 18 newsletters to parents.
Control - usual practice
Schools assigned to the usual practice control group will
be asked to continue their usual lesson delivery and will
receive all intervention materials (apart from line mark-
ings) at the completion of the 12-month follow-up
period
Teacher training
In the first year of the intervention (2010), all participat-
ing year 3 teachers at intervention schools will be
required to attend a professional development (PD) ses-
sion. In the second year of the intervention (2011), all
year 4 teachers will undergo the same training. There
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may be some teachers who teach both years of the
intervention, or the second year may contain new tea-
chers who have not been previously involved in the
delivery of the intervention. The PD session will run for
approximately two hours and will inform and/or refresh
the teachers about the intervention including the aims,
procedures of the study and strategies to be used. A
mid-year morning tea meeting will be held with teachers
to ensure that they are delivering the intervention as
intended and to answer any questions or solve any diffi-
culties they may be experiencing in intervention deliv-
ery. At the beginning of the third year (2012), all year 5
teachers at the intervention schools will be trained in
their specific intervention components but will have no
further contact or support from the study team through-
out the year. This tapered approach will enable the
maintenance of the strategies to be examined.
Measurement protocol
Assessments will be conducted at baseline (Feb-May
2010), mid-intervention (Nov-Dec 2010), post-interven-
tion (Nov-Dec 2011), and 12-months follow-up (Nov-
Dec 2012). To minimize participant burden, blood pres-
sure assessments will be taken at baseline, post-interven-
tion and 12-months follow-up only, and blood samples
will be taken at baseline and post-intervention only. All
of the children’s measurements (except the blood sam-
ples) will be conducted at school by trained research
staff using regularly calibrated equipment. Children will
complete the survey in small groups with trained
research staff. The blood sample will be undertaken at a
commercial pathology laboratory by a trained phleboto-
mist and the parent survey will be sent home to parents
to complete.
Primary outcomes
Sedentary time and physical activity
ActiGraph accelerometer Sedentary time and physical
activity will be objectively-assessed using the uniaxial
function in the ActiGraph Model GT3X accelerometers
http://www.theactigraph.com/. Children will wear the
ActiGraph on a belt positioned over the right hip during
waking hours (apart from during water-based activities)
for eight days at each of the measurement points. Data
will be collected in 15-second epochs. The movement
count threshold for sedentary time will be set at 25
counts per 15-second epoch [62], and the number of
breaks or interruptions to time spent sedentary will be
defined as the frequency of occasions data exceeded 100
counts.min-1. The Freedson age-adjusted equation [63],
will be applied to calculate the time spent in light (1.7-
3.9 METS), moderate- (4.0-5.9 METs) and vigorous-
intensity (≥6.0 METs) physical activity. We will also
extract accelerometry data from specific times of the
day (e.g., after-school hours, during class time) to iden-
tify when changes in sedentary time or physical activity
may have occurred.
activPAL™ inclinometer A sub-sample of randomly
selected children will concurrently wear a PAL Technol-
ogies Ltd, Glasgow, Scotland http://www.paltech.plus.
com/products.htm inclinometer activPAL™. The activ-
PAL™ is a small device (5 × 3.5 × 0.7 cm) weighing 20
g and is worn on a garter belt positioned at the mid-
anterior aspect of the right thigh during waking hours
(apart from water-based activities) for eight days at each
of the measurement points. The following parameters
will be calculated from this device: sedentary time (sit-
ting/lying time); stand time (not walking); walk time;
and sit-to-stand events. The device has been found to
have acceptable validity in assessing these parameters in
adults [64,65].
ActiGraph and activPAL™ data validity criteria will be
assessed prior to inclusion in analysis. A minimum of
four valid days, including one weekend day will be
required. To be included in analyses, a day will be con-
sidered valid if the child has at least eight hours of wear
time per day or at least 50% wear time within periods of
the day (e.g., classtime). Further, 20 minutes of consecu-
tive zeros will be considered non-wear time. Recordings
of over 16000 counts per minute (cpm) will be excluded
as it indicates unit malfunction.
Survey measures Behavioral information on the types of
physical activities and sedentary behaviors in which chil-
dren participate (not detectable by accelerometry or
inclinometers) will be collected by a parental proxy-
report version of the validated CLASS questionnaire
[66]. Time spent outdoors will be assessed using a pre-
viously validated proxy-report measure [67].
Secondary outcomes
Anthropometry: height, weight and waist circumference
Height will be measured to the nearest 0.1 cm using
SECA portable stadiometers (mod 220). Weight will be
measured to the nearest 0.1 kg using portable electronic
Wedderburn Tanita scales. Two height and weight mea-
surements will be taken and the average calculated.
Where a discrepancy of over 1 cm or 1 kg is noted, a
third measurement will be taken.
BMI (kg/m2) will be calculated and converted as
recommended for analysis of longitudinal adiposity data
[68]. This involves subtracting the sex-age population
median (based on US data)[69] from the child’s raw
BMI score. Children will also be categorized as healthy
weight or overweight/obese based on International Obe-
sity Task Force definitions [70].
Waist circumference will be measured using a flexible
steel tape at the narrowest point between the bottom
rib and the iliac crest, in the midaxillary plane. If there
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is no obvious narrowing the mid-point between these
two landmarks will be used [71]. Two waist circumfer-
ence measurements will be taken and the average calcu-
lated. Where a discrepancy of over 1 cm is noted, a
third measurement will be taken. Continuous data will
be compared to UK charts [72]. Sex and age-specific
waist circumference thresholds for children that corre-
spond to clustering of cardiovascular disease risk factors
will also be applied [71].
Blood pressure
After a quiet two-minute seated rest, children will have
their blood pressure measured on their right arm using
the OMRON HEM-907 automatic digital blood pressure
machine. Three measurements will be taken one-minute
apart on two occasions (one week apart). The first mea-
surement on each occasion will be discarded. The
remaining four measurements will be averaged to obtain
systolic and diastolic blood pressure measurements.
Serum Biomarkers
A fasted, morning blood sample (16.5 ml) will be taken
by a phlebotomist at a commercial pathology laboratory
to assess children’s cholesterol, high density lipoprotein
(HDL) cholesterol, low density lipoprotein (LDL) choles-
terol, triglycerides, glucose, insulin, C-reactive protein
and 25-Hydroxy Vitamin D levels. Biomarkers will be
taken at baseline and post-intervention data collection
points only.
Survey measures
Mediators Intrapersonal, interpersonal and environ-
mental mediators of children’s sedentary behaviors and
physical activity will be assessed by parental proxy-
report and child self-report survey (Table 1). Intraper-
sonal mediators include: self-efficacy; enjoyment and
preference; sports competency; TV viewing style (e.g.,
channel surfing, selective viewing); benefits and bar-
riers; and beliefs. Interpersonal mediators include:
social norms; rules; social support in the neighbor-
hood, at school, and at home; and parental modelling.
Environmental mediators include: perceptions of the
school environment; access and availability; and policy.
These measures have been previously developed and
have acceptable psychometric properties and predictive
validity [52,56-58,73-78].
Moderators Although not powered to conduct moderat-
ing analyses, exploratory analyses will examine moderat-
ing effects of sex of the child, parental country of birth,
and parental education attainment.
Confounders
Sociodemographic characteristics
Child’s age and sex, family structure (e.g., siblings, num-
ber people living in household), parents’ age, sex, marital
status, education attainment, postcode, and country of
birth will be collected in the parent survey. Children
will report the number of working cars their family has,
the number of holidays they went on in the last year
and if they have their own bedroom to assess sociode-
mographic position [79].
General health and family history
The responding parent will report the general health
status of their child, and the medical history and family
risk factors for diabetes and cardiovascular disease risk
factors and their own height and weight.
Nutritional intake
Parent proxy-report food/drink frequency questions
derived from food items previously identified from the
National Nutrition Survey for the target age groups (8-
12 years) as important contributors to energy and fat
intakes, and thus the energy density of the diet, will be
included (items include sweet and savoury snacks and
high energy drinks) [80]. Literature supports the accu-
racy of parent reports of usual food intakes [81].
Stage of pubertal maturation
Since all children will be aged 8-9 years old at baseline,
it is expected that they will all be pre-pubertal and thus
the assessment of pubertal status is not considered
necessary. However, to account for any potential growth
(maturity) effects, growth rates (change in height) will
be assessed from the height measurements taken at each
assessment time point.
Economic Evaluation
An economic evaluation will be undertaken to deter-
mine whether Transform-Us! is cost-effective. A societal
perspective will be adopted, such that all costs and out-
comes will be identified and valued regardless of who
bears the cost, receives the benefits or provides the
resources [82,83]. Three methods for collecting resource
use data will be applied: a diary will be given to teachers
to capture any extra preparation time or equipment
needed to implement the intervention strategies; an
item on the parent survey will capture how much time
family members participate in completing school home-
work tasks; and project monitoring processes will be
used to capture other resources used that are pertinent
to implementation. Diaries will be completed each day
for four weeks throughout the intervention period and
at follow-up.
Process Evaluation
Throughout the intervention (2010 and 2011), the pro-
ject team will maintain regular contact with teachers.
We will monitor the intervention delivery quantity (how
many children participated in the various lessons) and
quality (that the intervention was delivered as it was
intended and any modifications to provided materials)
throughout the intervention (teachers to record and rate
lessons delivered, sections of class lessons completed
with children, number of children present, engagement
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of the children). In addition to annual interviews with
key personnel in the school (e.g., teachers, co-ordina-
tors), we will make unannounced visits to schools to
ensure that the teachers understand the intervention
delivery requirements, to solve any difficulties or con-
cerns, and to ensure that they are delivering the inter-
vention as intended.
Subjective evaluations of intervention components will
also be provided by children, parents and teachers
throughout the intervention. At the mid- and post-inter-
vention assessments, teachers will be asked to report on
the lesson delivery (e.g., did you deliver the key learning
messages, ease with which they were embedded in cur-
rent curriculum, ease of delivery) and school-based
strategy implementation (e.g., were you successful in
getting students to complete standing lessons? Was the
sporting equipment made available at recess/lunch-
times?). At the post-intervention assessments, teachers
who were involved in year one, but not year two, of the
intervention will be asked about their continuation of
any of the strategies. At the 12-month follow-up assess-
ments, all teachers who have been involved in the SB-I
or SB+PA-I intervention in year one and/or year two
will be asked to complete a survey to examine mainte-
nance of the class based strategies (i.e., are you still con-
ducting standing lessons?). The uptake of the
intervention by teachers not previously involved in year
one or two will also be determined.
At the mid- and post-intervention assessments, all
participating children will be asked to describe what
they know about Transform-Us!. Children in the three
intervention groups will be asked to rate how they feel
about the school-based components specific to their
intervention group (e.g., standing while completing
work, availability of sports equipment at recess/lunch-
times); and the home-based components specific to
their intervention group (e.g., standing homework tasks,
active family pastimes). At the mid- and post-interven-
tion assessments, parents will be asked about the news-
letters (e.g., number received, usefulness and their use of
strategies to change their child’s behavior contained
within the newsletters).
Data analysis
All statistical analyses will be performed using Stata 9.1
for Windows (StataCorp LP) and will adjust for cluster-
ing by observations by school (the unit of randomiza-
tion). All analyses will be conducted using the intention
to treat principle. Generalized Estimating Equations
(GEE) [84] will be used to fit regression models to
describe the effects of the intervention on key outcome
variables among children. Separate models will be fitted
to determine differences in key outcome variables in the
intervention and control groups.
Separate models will be evaluated for each assessment
point (mid-intervention; post-intervention; 12 months
follow-up), adjusting for baseline levels of the outcome,
and, where appropriate, baseline levels of the mediating
variables. PA-I and SB-I intervention conditions will be
the predictors of primary interest (entered in the form
of two indicator variables and their interaction term).
Analyses will be performed excluding and including
children who were recruited to the study after baseline.
For physical activity outcomes, we will compare the PA-
I and SB+PA-I versus the SB-I and C groups. For seden-
tary behavior outcomes, we will compare SB-I and SB
+PA-I versus the PA-I and C groups. For health out-
comes, we will compare C versus the other three groups
and the SB+PA-I versus the single intervention groups.
All models will be adjusted for measured confounders.
As it has been argued that adjustment for multiple com-
parisons should not be used when assessing evidence
about specific hypotheses no adjustment for multiple
comparisons will be performed [85]. To evaluate the
magnitude and direction of the intervention effects
mediated by intrapersonal, interpersonal and environ-
mental processes, the product-of-coefficient method will
be used [86]. A first set of GEE regression models will
assess the impact of the intervention condition (regres-
sion coefficient a) on the residualized change score of
the hypothesized mediators (Table 1), after controlling
for significant covariates. A second set of GEE regres-
sion models will estimate the independent effects of the
intervention condition and residualized changes in the
mediators (regression coefficient b) on changes in the
outcome variables. The significance of the product of
the regression coefficients a and b (representing the
mediated effect of the intervention) will be tested using
bias-corrected bootstrap methods as outlined by Pituch
and colleagues [87].
For the economic evaluation, pathway analysis will be
used to identify component activities of the intervention
in order to ascertain the associated resource utilization.
The cost-effectiveness analysis will measure differential
costs between the three intervention groups and C in
relation to the outcomes, and intervention costs will be
assessed as additional expenditure (savings) against C,
expressed as an incremental cost-effectiveness ratio.
Incremental cost-effectiveness ratios will be calculated
as the cost AUD per BMI unit ‘saved’ and Disability-
Adjusted Life Years (DALYs) ‘saved’. The intervention
will be modelled for one year as if applied to the Victor-
ian population of children in the target group. The time
horizon for measuring the associated health-care cost-
offsets and DALY benefits will be the rest of life or 100
years. The reference year will be 2010. The interventions
will be run through a model, developed as a part of the
ACE-Obesity study, which converts BMI changes to
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DALY benefits and cost-offsets saved over the lifetime
of the cohort [88]. The ACE-Obesity methodology will
guide the evaluation to allow cost-effectiveness results
to be directly comparable to those of the 13 interven-
tions previously evaluated [89].
Discussion
Sedentary behavior and physical activity may have inde-
pendent detrimental and positive effects (respectively) on
children’s cardio-metabolic health. Very few interven-
tions have targeted reductions in children’s total sitting
time in the school and family settings. Even fewer inter-
ventions have examined the separate and combined
effects of targeting reductions in sedentary behavior and
increases in physical activity and only two have used
objective measures. This 18-month intervention with 12-
month tapered maintenance period is unique in its
approach to delivery of school curriculum and homework
in less sedentary and more active ways. As the key agents
of change in children’s health behaviors, involvement of
teachers and parents is critical. If shown to be successful
and cost-effective this intervention may have implications
for educational policy and practice, and ultimately the
health of young children in Australia and elsewhere.
Appendix 1
’Road trip/Stations around the room’ standing lesson
strategy
Aim
To complete small group activities related to a specific
area of study, by physically moving between stations
located around the room.
Outline
The lesson is planned as a series of activities, placed at
stations around the classroom. Children are organised
into groups (allocated by the teacher). Groups spend a
designated period of time at each station completing the
activity, before moving onto the next station. All chil-
dren must remain standing at each station as activities
are designed to be easily performed standing (e.g.
through use of high benches or clipboards; by keeping
written work relatively minimal; by telling children to
take turns at being ‘scribe’ etc).
Teachers can specify the group structure (number of
children, how groups are selected), the number of sta-
tions, amount of time spent at each station and the
associated activities.
Examples
- Fill in worksheets
- Leave your group’s answer on a pile at the station
- Keep a journal of all of the activities (write sen-
tences or draw pictures)
- Write responses on large sheets of paper/
whiteboards
Suggestions for stations
• English: One chapter/event from a story at each sta-
tion including comprehension questions.
• L.O.T.E.: Match up word-cards and picture-cards;
sentences on large posters or interactive whiteboards
with blank spaces for children to fill with the correct
word (offer lists of choices).
Culturally relevant creative activities, such as origami.
• Maths: Set of addition, multiplication or simple divi-
sion problems - one series per station.
Spatial tasks - fitting shapes into defined spaces
(puzzles).
Problem-solving activities +/- problems- Example:
“You have a bucket with 150 mL of water, a 40 mL jar
and a 50 mL jar. How will you use these to measure out
30 mL of water into this pot?” (If possible, supply the
water and jars at the station, so the children can physi-
cally do the task).
Fractions tasks - each station based around a different
theme- Example: different ways to express ‘1/2’ (50%,
0.5, 2/4, 3/6). Include props, such as blocks or coloured
paper cut into a number of fractions.
•Humanities: Historical events. These could be read-
and-comprehend tasks- Example: “In which year did
Captain Cook discover Australia? Describe his landing.”
•Creative task: “Imagine you are living in Antarctica,
draw some of the clothes you would need to wear to
keep warm.”
Options
•At the end of the lesson, the children can come
together and the teacher can lead a discussion of their
work; or groups can exchange work for correction.
Equipment/preparation required
✓Activities for each station (copies/laminated cards of
reading passages, math problems, props for problem-sol-
ving activities etc)
✓Pens/pencils and paper/workbooks (for children to
record answers at each station)
✓ (optional) One clipboard per group/per child
✓ (optional) Worksheets for each station (if these are
to be completed)
Appendix 2
’Road trip/Stations around the room’ standing lesson
strategy
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Aims
To practice spelling or simple number patterns verbally
while standing and passing a bean-bag.
Outline
The children are asked to stand and the teacher nomi-
nates a number series or a set of words, relevant to the
current lesson. The teacher gives a bean-bag to one stu-
dent, who states the first number in the pattern or letter
in the word. That child then throws the bean-bag to
another child, who says the next number/letter then
passes the bean-bag on, and so on.
All children remain standing throughout the game,
but once a child has passed the bean-bag, they must
change their posture/position to signify that they have
had their turn.
Equipment/preparation required
✓Bean-bag (provided) or newspaper balls to throw
✓ (optional) Spelling-list on the board
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Appendix 3.3: Transform-Us! Child 
Survey 
 
  
  
 
TRANSFORM - US! 
 
 
 
 
 
 
CHILD QUESTIONNAIRE 
 
 
 
Today's date: __ __ / __ __ / 20__ __ 
 
Your name: _________________________________ 
Your grade: _________________________________ 
Your teacher’s name: _________________________ 
What school do you go to? ______________________________ 
 
 
FOR OFFICE USE ONLY 
ID:  
DATE RECEIVED: 
       
 
 
 
IMPORTANT INSTRUCTIONS – PLEASE READ  
 
Please answer each question by circling your answer. There are no right or wrong answers. 
We want to know what you think! If you are not sure which answer to pick, please pick the 
answer that is closest to what you think.   
 
For example: 
When asked to circle your answer, please do so like this: 
 
 
 
If you make a mistake, just cross it out and circle the answer you want. For example: 
 
 
 
 
 
 
 
 
 
       
 
1. Do you have the following things at home and do you play with it/them? 
(Please circle one response for part a. and circle one response for part b.)   
 a. Do you have 
this at home? 
b. Do you play 
with it at home? 
Yes No Yes No 
EXAMPLE Billy cart 
   
Yes1 No2 Yes1 No2 
a. Balls (footballs, basketballs, 
tennis balls, baseballs)  
Yes1 No2 Yes1 No2 
b. Basketball ring  
       
Yes1 No2 Yes1 No2 
c. Bats, racquets, golf clubs 
    
Yes1 No2 Yes1 No2 
d. Billy cart 
  
Yes1 No2 Yes1 No2 
e. Bowls (ten pin, skittles)  
  
Yes1 No2 Yes1 No2 
f. Climbing equipment/trees that 
you can climb 
        
Yes1 No2 Yes1 No2 
g. Cubby house   
  
Yes1 No2 Yes1 No2 
h. Frisbee  
    
Yes1 No2 Yes1 No2 
i. Safety equipment for activities 
(eg bike helmet)  
 
Yes1 No2 Yes1 No2 
 
Do you have this 
at home? 
Do you play with 
it at home? 
Yes No Yes No 
ID:   
       
 
 
Do you have this 
at home? 
Do you play with 
it at home? 
Yes No Yes No 
j. Scooter/ Skateboard   
  
Yes1 No2 Yes1 No2 
k. Skipping rope 
   
Yes1 No2 Yes1 No2 
l. Slide/swings 
  
Yes1 No2 Yes1 No2 
m. Swimming/wading pool 
 
 
Yes1 No2 Yes1 No2 
n. Table tennis table, bats & balls 
     
 
Yes1 No2 Yes1 No2 
o. Trampoline 
 
 
Yes1 No2 Yes1 No2 
p. Tricycle/bicycle 
 
 
Yes1 No2 Yes1 No2 
q. Volleyball/badminton net  
 
Yes1 No2 Yes1 No2 
r. Other (Please write it down) 
___________________ 
 
 Yes1 No2 Yes1 No2 
 
Do you have this 
at home? 
Do you play with 
it at home? 
Yes No Yes No 
 
 
 
 
       
 
2. For each activity listed below, think about whether you did that activity 
YESTERDAY at school or after school and circle YES or NO. Then, think 
about how much you enjoy doing this activity and circle the face that shows 
how you feel. 
Did you do this activity 
yesterday? 
 
a. At recess/ 
Lunchtime 
 
b. After- 
school 
c. How much do you like doing 
this? 
EXAMPLE 
       Walking 
 
 
yes1 
 
no2 
 
yes1 
 
no2 
 
a. Riding your 
Bike 
 
yes1 
 
no2 
yes1 
 
no2 
 
b. Exercise: 
push-ups, 
jumping jacks  
yes1 
 
no2 
yes1 
 
no2 
 
c. Basketball 
 
yes1 
 
no2 
yes1 
 
no2 
 
d. Baseball, 
Rounders  
 
yes1 
 
no2 
yes1 
 
no2 
 
e. Football 
 
yes1 
 
no2 
yes1 
 
no2 
 
f. Cricket 
yes1 
 
no2 
yes1 
 
no2 
 
g. Soccer 
 
yes1 
 
no2 
yes1 
 
no2 
 
h. Volleyball 
 
 
yes1 
 
no2 
yes1 
 
no2 
 
i. Racket Sports: 
badminton,  
tennis 
 
yes1 
 
no2 
yes1 
 
no2 
 
Did you do this activity 
yesterday? 
At recess/ 
Lunchtime 
 
 After- 
school 
How much do you like doing 
this? 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
       
 
Did you do this activity 
yesterday? 
At recess/ 
Lunchtime 
 
 After- 
school 
How much do you like doing 
this? 
j. Ball Playing: 
four square, 
kickball   
yes1 
 
no2 
yes1 
 
no2 
 
k. Water Play 
(swimming 
pool/lake)  
yes1 
 
no2 
yes1 
 
no2 
 
l. Swimming Laps 
(swim team)  
 
yes1 
 
no2 
yes1 
 
no2 
 
m. Jump Rope 
 yes1 
 
no2 
yes1 
 
no2 
 
n. Dance 
 
yes1 
 
no2 
yes1 
 
no2 
 
o. Outdoor 
Chores: 
gardening  
yes1 
 
no2 
yes1 
 
no2 
 
p. Indoor Chores: 
vacuuming,       
 
yes1 
 
no2 
yes1 
 
no2 
 
q. Walking 
 
yes1 
 
no2 
yes1 
 
no2 
 
r. Running/ 
    Jogging 
 
yes1 
 
no2 
yes1 
 
no2 
 
s. Skateboarding/ 
Skating /  
Rollerblading   
yes1 
 
no2 
yes1 
 
no2 
 
t. Weight Lifting / 
Strength  
Training  
yes1 
 
no2 
yes1 
 
no2 
 
u. Martial Arts 
Karate, Judo 
 
yes1 
 
no2 
yes1 
 
no2 
 
Did you do this activity 
yesterday? 
At recess/ 
Lunchtime 
 
 After- 
school 
How much do you like doing 
this? 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
       
 
Did you do this activity 
yesterday? 
At recess/ 
Lunchtime 
 
 After- 
school 
How much do you like doing 
this? 
v. Sitting and 
talking  
yes1 
 
no2 
yes1 
 
no2 
 
w. Drawing 
 
yes1 
 
no2 
yes1 
 
no2 
 
x. Reading for fun 
 
yes1 
 
no2 
yes1 
 
no2 
 
y. Reading for 
Homework  
yes1 
 
no2 
yes1 
 
no2 
 
z. Play Board 
Games  
yes1 
 
no2 
yes1 
 
no2 
 
aa. Computer/ 
video games 
NOT WII 
 
 
yes1 
 
no2 
yes1 
 
no2 
 
bb. Nintendo Wii 
(played games 
where you 
were active) 
 
yes1 
 
no2 
yes1 
 
no2 
 
cc. Homework/ 
Worksheets  
yes1 
 
no2 
yes1 
 
no2 
 
dd. Watch TV, 
Videos  
yes1 
 
no2 
yes1 
 
no2 
 
ee. Talking on the 
phone, 
hanging out 
with friends  
yes1 
 
no2 
yes1 
 
no2 
 
ff. Listening to 
Music, playing 
an Instrument  
yes1 
 
no2 
yes1 
 
no2 
 
gg. Other __________ 
 
 
yes1 
 
no2 
yes1 
 
no2 
 
 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
       
 
3. Circle one sentence in each line that you agree with more… (Please circle one 
response per line)   
      EXAMPLE  
I don’t do well at new outdoor games 
and sports1 
 
OR 
 
I am good at new outdoor games 
and sports2 
a. I do well at all kinds of sports1 OR I don’t feel I am very good when it 
comes to games and sports2 
b. I wish I could be a lot better at games 
and sports1 
OR I feel I am good enough at games 
and sports2 
c. I think I could do well at games and 
sports I have not tried before1 
OR I am afraid I might not do well at 
games and sports I haven’t tried2 
d. I feel I am better or as good as others 
my age at games and sports1 
OR I don’t feel I can play games and 
sports as well as others my age2 
    
e.  
During recess and lunch breaks, I 
usually watch other children play 
games and sports1 
OR During recess and lunch breaks, I 
usually play games and sports2 
     
f.  
I don’t do well at new outdoor games 
and sports1 
OR I am good at new outdoor games 
and sports2 
 
 
 
 
4. When you watch TV/videos/DVDs, which of the following statements are 
true for you? (Please circle one response per line)   
 Never/ 
Rarely1 
Sometimes2 
Always
3 
EXAMPLE  
I sit and watch TV no matter what is on 
Never/ 
Rarely1 
Sometimes2 
Always3 
a. The first thing I do when I get home is turn the 
TV on 
Never/ 
Rarely1 
Sometimes2 Always3 
b. I sit and watch TV no matter what is on Never/ 
Rarely1 
Sometimes2 Always3 
c. I continue to watch TV even after the program I 
wanted to watch is finished 
Never/ 
Rarely1 
Sometimes2 Always3 
d. I sit and watch TV/videos/DVDs for so long that 
my Mum or Dad tells me to turn it off 
Never/ 
Rarely1 
Sometimes2 Always3 
 Never/ 
Rarely1 
Sometimes2 Always3 
       
 
 Never/ 
Rarely1 
Sometimes2 Always3 
e. When the show I wanted to watch is finished I 
turn the TV off and go and do something else  
Never/ 
Rarely1 
Sometimes2 Always3 
f. I sit in front of the TV and "channel surf"  
(flicking channels) 
Never/ 
Rarely1 
Sometimes2 Always3 
g. Before I switch the TV on I find out what's on by 
looking in the TV guide  
Never/ 
Rarely1 
Sometimes2 Always3 
h. I find out what's on TV by switching on the TV 
and "channel surfing" (flicking channels) 
Never/ 
Rarely1 
Sometimes2 Always3 
i. After school, my Mum or Dad choose what I 
watch on TV/video/DVD  
Never/ 
Rarely1 
Sometimes2 Always3 
j. In the evenings, my Mum or Dad choose what I 
watch on TV/video/DVD 
Never/ 
Rarely1 
Sometimes2 Always3 
 Never/ 
Rarely1 
Sometimes2 Always3 
 
 
 
ABOUT THE PEOPLE AROUND YOU 
5. Cirlce one sentence in each line that you agree with more… (Please circle one 
response per line)    
      EXAMPLE  
Most of my friends do physical activity 
or sport after school1 
 
OR 
 
Not many of my friends do physical 
activity or sport after school2 
a. Most of my friends play outside after 
school1 
OR Not many of my friends play outside 
after school2 
b. Most of my friends do physical activity 
or sport after school1 
OR Not many of my friends do physical 
activity or sport after school2 
c. Most of my friends watch TV after 
school1 
OR Not many of my friends watch TV 
after school2 
d. Most of my friends play on the 
computer after school1 
OR Not many of my friends play on the 
computer after school2 
 
       
 
6. Please indicate how much the following statements are true for you? (Please 
circle one response per line)   
 Never/ Rarely1 
Sometimes2 Always3 
EXAMPLE 
During meal times, the TV is allowed to be on 
Never/ Rarely1 
Sometimes2 Always3 
a. I am allowed to watch any television show(s) I 
choose 
Never/ Rarely1 Sometimes2 Always3 
b. My parents restrict how much time I spend 
watching TV 
Never/ Rarely1 Sometimes2 Always3 
c. During meal times, the TV is allowed to be on Never/ Rarely1 Sometimes2 Always3 
d. I am allowed to watch TV in my room Never/ Rarely1 Sometimes2 Always3 
e. I am allowed to play on the computer whenever 
I choose 
Never/ Rarely1 Sometimes2 Always3 
f. My parents restrict how much time I spend using 
the computer and playing electronic games 
Never/ Rarely1 Sometimes2 Always3 
g. I am allowed to use the computer or play 
electronic games in my room (eg PSP) 
Never/ Rarely1 Sometimes2 Always3 
h. I am allowed to play active games inside the 
house 
Never/ Rarely1 Sometimes2 Always3 
i. I am allowed to throw balls or play ball-games 
inside the house 
Never/ Rarely1 Sometimes2 Always3 
j. I am told off for watching too much TV Never/ Rarely1 Sometimes2 Always3 
k. I am told to sit still and play quietly Never/ Rarely1 Sometimes2 Always3 
l. I have to finish my homework before I can play 
outside           
Never/ Rarely1 Sometimes2 Always3 
m. I must finish my homework before I can watch 
TV           
Never/ Rarely1 Sometimes2 Always3 
n. I am allowed to walk/ride a bike in the street 
without an adult 
Never/ Rarely1 Sometimes2 Always3 
o. I am allowed to go to the park without an adult Never/ Rarely1 Sometimes2 Always3 
p. I am allowed to go to the local shops without an 
adult 
Never/ Rarely1 Sometimes2 Always3 
       
 
ABOUT YOUR NEIGHBOURHOOD 
7. Are these things true for you? (Please circle one response per line)   
 
 Yes1 No2 
EXAMPLE 
I know many people in my area Yes1 
 
No2 
a. There are lots of children around my area to play with 
Yes1 
 
No2 
b. I often play in the street with other kids in my area 
Yes1 
 
No2 
c. I often visit other kids and families in my area 
Yes1 
 
No2 
d. I know my neighbours quite well 
Yes1 
 
No2 
 
 
ABOUT YOUR SCHOOL 
8. Please answer the following questions (please circle one response per line) 
 Yes1 No2 
EXAMPLE 
We are allowed to bring sports equipment (eg bats and balls) 
from home to use at school during recess and lunch breaks Yes1 
 
 
No2 
a. We are allowed to use school sports equipment (eg bats and 
balls) during recess and lunch breaks Yes1 
 
No2 
b. We are allowed to bring sports equipment (eg bats and balls) 
from home to use at school during recess and lunch breaks Yes1 
 
No2 
c. There are markings on the walls or on the school playground 
to help us play games (eg 4-square, target on the wall) Yes1 
 
No2 
 
9. During recess and lunch breaks, would you prefer to… (please circle one 
response per line) 
 EXAMPLE 
Play a running game with friends1 
 
OR 
 
Sit and chat with friends2 
a.  Play indoors1 OR Play outdoors2 
b.  Play a running game with friends1 OR Sit and chat with friends2 
c.  Go for a walk with friends1 OR Sit and chat with friends2 
       
 
10. After school would you prefer to… (please circle one response per line) 
EXAMPLE 
Play a running game with friends1 
 
OR 
 
Sit and chat with friends2 
a. Play indoors1 OR Play outdoors2 
b. Play a running game with friends1 OR Sit and chat with friends2 
c. Play outside with friends1 OR Watch TV with friends2 
 
11. Please answer the following questions about what your class teacher does 
during recess and lunch when NOT on yard duty (please circle one per line) 
 Yes1 No2 
EXAMPLE 
My class teacher comes outside with us 
Yes1 
 
 
No2 
a. My class teacher comes outside with us 
Yes1 
 
No2 
b. My class teacher plays games with us 
Yes1 
 
No2 
c. My class teacher watches us play games 
Yes1 
 
No2 
d. My class teacher rewards or praises us for playing active 
games Yes1 
 
No2 
e. My class teacher encourages us to play active games 
Yes1 
 
No2 
 
12. Please answer the following questions about what your class teacher does 
during recess and lunch when on yard duty (please circle one per line) 
 Yes1 No2 
EXAMPLE 
My class teacher encourages us to play games 
Yes1 
 
 
No2 
a. My class teacher stays inside 
Yes1 
 
No2 
b. My class teacher encourages us to play games 
Yes1 
 
No2 
 
 
 
       
 
13. How do you feel about the following (please circle one response per line)    
EXAMPLE  
The areas to play in at school 
 
a. The work you do in class  
b. Standing up while doing your work during class   
c. The areas to play in at school  
d. Homework  
 
14. How often does the following happen? (please circle one response per line)    
 Never/ Rarely1 
Sometimes2  Always3 
 
EXAMPLE  
I like being at school 
Never/ Rarely1 Sometimes2 
 Always3  
a. I have too much class work Never/ Rarely1 Sometimes2  Always3  
b. I find class work difficult           Never/ Rarely1 Sometimes2  Always3  
c. I find class work tiring           Never/ Rarely1 Sometimes2  Always3  
d. We sit down during most of my 
class activities 
Never/ Rarely1 Sometimes2  Always3 
 
e. My teacher gets us to do lots of 
class activities standing up  
Never/ Rarely1 Sometimes2  Always3 
 
f. My teacher gets us to move around 
a lot during class 
Never/ Rarely1 Sometimes2  Always3 
 
g. I look forward to going to school Never/ Rarely1 Sometimes2  Always3  
h. My teacher encourages us to move 
around during class 
Never/ Rarely1 Sometimes2  Always3 
 
i. My teacher makes sure we are not 
sitting down for a long time 
Never/ Rarely1 Sometimes2  Always3 
 
 Never/ Rarely1 
Sometimes2  Always3 
 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
           5 4    3    2      1 
       
 
 Never/ Rarely1 
Sometimes2  Always3 
 
j. I like being at school Never/ Rarely1 Sometimes2  Always3  
k. There are many things about 
school I do not like 
Never/ Rarely1 Sometimes2  Always3 
 
l. I wish I didn’t have to go to school Never/ Rarely1 Sometimes2  Always3  
m. I enjoy my class work Never/ Rarely1 Sometimes2  Always3  
n. My parents know what I am 
learning in class 
Never/ Rarely1 Sometimes2  Always3 
 
o. My parents participate in 
classroom/school activities 
Never/ Rarely1 Sometimes2  Always3 
 
p. My parents know who I play with at 
recess and lunch 
Never/ Rarely1 Sometimes2  Always3 
 
q. My parents help me with my 
homework 
Never/ Rarely1 Sometimes2  Always3 
 
r. My brothers/sisters help me with 
my homework 
Never/ Rarely1 Sometimes2  Always3 
Don’t 
have4 
s. I do my homework standing up Never/ Rarely1 Sometimes2  Always3  
t. I use the computer for my 
homework 
Never/ Rarely1 Sometimes2  Always3 
 
 Never/ Rarely1 
Sometimes2 Always3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       
 
ABOUT YOU 
 
15. Are you a….? (Please tick one box) 
1    Boy     
2    Girl 
 
16. How old are you now? (Please tick one box)   
 1 7 years 
2 8 years 
3 9 years 
4 10 years  
5 11 years 
6 12 years and over  
 
17. What grade are you in this year? (Please tick one box) 
 
1   Grade 2  2   Grade 3   3   Grade 4  4 Grade 5  
 
ABOUT YOUR HOME 
Now we would like to ask you about who you live with. Not everyone lives with both their 
parents. Sometimes people live with just one parent, sometimes they have two homes or two 
families.  
Please tell us about your home, the place where you spend the most of your time. 
18. Please place a tick next to all  the adults who live with you at home: 
1 Mother 
2 Father 
3 Stepmother (or father’s girlfriend) 
4 Stepfather (or mother’s boyfriend)  
5 Grandmother 
6 Grandfather  
 
7 I live in a foster home or children’s home 
8 With someone or somewhere else: Please write it down:  
___________________________________  
 
       
 
19. Please write down how many children live in your home (including half, step 
or foster brothers/sisters).  Please write 0 if there are none 
a. Number of brothers? ____________ 
b. Number of sisters? _____________ 
 
20. Do you stay in this home…… (Please tick one box)   
1 All the time 
2 Most of the time 
3 Half the time 
 
21. How many working cars does your family have? (Please tick one box)   
1   None 
2   One 
3   Two or more 
 
22. This year, how many times did you travel away on holiday with your family? 
(Please tick one box)   
1   Not at all  
2  Once 
3   Twice 
4   More than twice 
 
23. Do you have your own bedroom? (Please tick one box)      
1   Yes 
2   No  
 
24. Do you have a TV in your bedroom? (Please tick one box)   
1   Yes 
2   No  
 
25. Do you have a Playstation/ Nintendo/XBOX/ Sega/Gameboy in your 
bedroom? (Please tick one box)   
1   Yes 
2   No  
 
 
       
 
26. Do you have a Nintendo Wii in your bedroom? (Please tick one box)   
1     Yes 
2      No  
 
27. Do you have a laptop computer or a desktop (PC or Macintosh) computer in 
your bedroom? (Please tick one box)   
1   Yes 
2   No  
28. Do you have your own Mobile phone? (Please tick one box)   
1   Yes 
2   No  
 
29. Do you own one or more dogs? (Please tick one box)   
1   Yes 
2   No  
 
30. Do you have a yard at home to play outside in? (Please tick one box)   
1   Yes 
2   No  
 
31. Is your house in a cul-de-sac, court or no-through road? (Please tick one box)   
1   Yes 
2   No  
 
 
Thank you for completing this survey for us! 
 
 
Appendix 3.4: Transform-Us! Parent 
Survey 
 
  
   
 
TRANSFORM - US! 
 
 
 
 
MAIN CARER QUESTIONNAIRE 
 
 
It is important that the adult who is mainly 
responsible for the care of the child participating in 
Transform-Us! completes this questionnaire 
 
 
Your name: _______________________________________ 
Your child’s name: _________________________________ 
Your child’s School: _________________________________  
Your child’s teacher: _________________________________ 
 
If you have any questions, please contact 9244 6278 
IMPORTANT INSTRUCTIONS – PLEASE READ  
FOR OFFICE USE ONLY 
ID:   
DATE RECEIVED: 
       
 
 
 
 
 
 
 
Thank you for taking the time to complete this survey. It should take you approximately 20 minutes to 
complete, although this might vary depending on your answers. Once you have finished your survey, please 
place it in the envelope provided and return it to your child’s class teacher.  
Please answer each question by ticking or circling the most suitable option. Where you are asked to write an 
answer please read the question carefully and answer the best you can in the space provided. If you are 
unsure about how to answer a question, please choose the answer that best reflects how you feel.   
When marking your answers on the survey, please clearly tick or circle your response so we can easily see 
which answer you chose. For example: 
When asked to tick your answer, please do so like this: 
  
  1  Yes 
  2 No 
 
When asked to tick your answer, please do so like this: 
Strongly disagree
1
 Disagree
2
 Neither agree or disagree
3
 
 
Agree
4
 Strongly agree5 
 
c 
 
c 
 
c 
 
c 
 
c 
 
If you make an error, please clearly cross out the incorrect answer and tick the correct answer. For 
example: 
Strongly disagree
1
 
 
 
Disagree
2
 
Neither agree or 
disagree
3
 
 
 
Agree
4
 
Strongly agree
5
 
 
c 
 
c 
 
c 
 
c 
 
c 
 
Important definition: 
 
Physical activity: is any bodily movement produced by skeletal muscle contraction that 
increases energy expenditure. For example, walking, running, playing soccer and dancing. 
 
 
 
This questionnaire should be completed by the adult who is mainly responsible for the care of 
the child involved in Transform-Us! Throughout this survey, the child involved in this research 
will be referred to as ‘your’ child and the person completing the survey as the 
‘parent/guardian’. 
9 
       
 
ID:  
Today's date: __ __ / __ __ / 20__ _ 
Today's date: __ __ / __ __ / 20__ __ 
 
 
 
 
 
1. In the last week, how many times have you walked continuously, for at least 10 
minutes, for recreation, exercise or to get to or from places? 
   
__________times in the last week 
 
2. What do you estimate was the total time that you spent walking in this way in the last 
week? In hours and/or minutes 
 
__________hours and __________minutes in the last week 
 
3. In the last week, how many times did you do any vigorous gardening or heavy work 
around the yard, which made you breathe harder or puff and pant? 
 
__________times in the last week 
 
4. What do you estimate was the total time that you spent doing vigorous gardening or 
heavy work around the yard in the last week? In hours and/or minutes 
 
__________hours and __________minutes in the last week 
 
 
 
5. In the last week, how many times did you do any vigorous physical activity which made 
you breathe harder or puff and pant? (e.g. jogging, cycling, aerobics, competitive tennis) 
 
__________times in the last week 
 
6. What do you estimate was the total time that you spent doing this vigorous physical 
activity in the last week? In hours and/or minutes 
 
__________hours and __________minutes in the last week  
 
7. In the last week, how many times did you do any other more moderate physical 
activities that you have not already mentioned? (e.g. gentle swimming, social tennis, golf) 
 
__________times in the last week  
 
 
8. What do you estimate was the total time that you spent doing these activities in the last 
week? In hours and/or minutes 
 
__________hours and __________minutes in the last week  
These questions are about any physical activities that you may have done in the last week: 
YOUR PHYSICAL ACTIVITY 
The next questions exclude household chores, gardening or yard work: 
       
 
__________hours and __________minutes in the last week 
        
 
 
 
WEEK DAYS (Monday - Friday) 
 
9.  a. During the last week, what was the total time you spent sitting from Monday 
to Friday (INCLUDING the day and evening)?  
 
Total: __________hours and __________minutes in the last week 
  
b.  During the last week, what was the total time you spent watching TV from       
Monday to Friday (including days and evenings)?  
   
Total: __________hours and __________ minutes in the last week 
 
c.  During the last week, what was the total time you spent sitting at a 
computer AT HOME from Monday to Friday (including days and evenings)?  
  
 Total: __________hours and __________ minutes in the last week 
 
 
WEEKEND DAYS (Saturday and Sunday) 
 
10. a. During the last week, what was the total time you spent sitting last Saturday 
and Sunday (INCLUDING the day and evening)?  
 
     Total: __________hours and __________ minutes in the last week 
 
 b.  During the last week, what was the total time you spent sitting watching 
TV last Saturday and Sunday (INCLUDING the day and evening)? 
 
Total: __________hours and __________ minutes in the last week 
 
c.  During the last week, what was the total time you spent sitting at a 
computer AT HOME last Saturday and Sunday (INCLUDING the day and 
evening)?  
 
Total: __________hours and __________ minutes in the last week 
The next questions are about the time you spend sitting while at work, at home, while doing 
study and during leisure time. This may include time spent sitting at a desk, visiting friends, 
reading or sitting or lying down to watch television or sitting in a motor vehicle. 
             
 
 
 
 
11. What is his/her date of birth (day / month / year)?  _______/_______/_______ 
 
   
12. What is his/her sex? 
 
1 Male 
2 Female   
 
13. What grade is your child in this year? (Please tick one box) 
1   Grade 2 2   Grade 3 3   Grade 4 4  Grade 5 5  Grade 6 
 
 
14. In the current school term, NOT including school holidays, how many hours per night 
does your child usually sleep? 
 
Write the number here: _______ hours 
 
 
15. Does your child in this study have a disability or suffer from poor health?  (please tick one 
box)  
1  2                    
If yes, please describe:___________________________________________________ 
 
 
 
 
 
 
16. If your child is CURRENTLY taking any PRESCRIPTION medications, please specify the 
NAME of the medication, the DOSE, the DURATION OF USE and the REASON for using 
the PRESCRIPTION medication(s) your child is currently taking.     
 
c1  Tick if your child is currently taking any PRESCRIPTION medications.  
 
 
Name of medication  
eg1. Ritalin 
Dose 
eg1 5mg 
Frequency/day      
eg1 twice a day 
Duration of use     
eg1 6 weeks 
Reason for taking medication  
eg1 ADHD 
     
     
     
     
     
     
     
ABOUT YOUR CHILD 
YOUR CHILD’S MEDICATIONS/SUPPLEMENTS 
             
 
17. If your child is CURRENTLY taking any NON-PRESCRIPTION medications or supplements 
please specify the NAME of the medication/supplement, the DOSE, the DURATION OF 
USE and the REASON for using the NON-PRESCRIPTION medication(s). Supplements 
included vitamin, mineral and herbal types/remedies. 
 
c1  Tick if your child is currently taking any NON-PRESCRIPTION medications/supplements  
 
Name of medication  
eg1. Vitamin 
Dose 
eg1 105mg 
Frequency/day      
eg1 once a day 
Duration of use        
eg1 6 weeks 
Reason for taking  
eg1 anaemia 
     
     
     
     
     
     
 
 
 
 
 
 
18. In total how many hours/minutes does your child usually spend OUTSIDE during a 
typical week after school? (MONDAY to FRIDAY) Note: please add the time for each day to 
find the total. 
 
a. During the warmer months (Terms 1 and 4) 
 
__________hours and __________minutes/week (Monday to Friday) 
 
b. During the cooler months (Terms 2 and 3) 
 
__________hours and __________minutes/week (Monday to Friday) 
 
19. In total how many hours/minutes does your child usually spend OUTSIDE on a typical 
weekend? (SATURDAY and SUNDAY) Note: please add the time for each day to find the total. 
 
a. During the warmer months (Terms 1 and 4) 
  
__________hours and __________minutes/week (Saturday and Sunday) 
 
b. During the cooler months (Terms 2 and 3) 
  
__________hours and __________minutes/week (Saturday and Sunday) 
YOUR CHILD’S ACTIVITIES 
             
 
20. Which of the following PHYSICAL or TRANSPORTATION activities does your child 
USUALLY do during a typical WEEK? (In the current school term. DO NOT include school 
holidays)   
During a typical WEEK 
what activities does your 
child usually do? 
Does your 
child 
usually do 
this 
activity? 
How many 
times in 
TOTAL 
Monday-
Friday? 
TOTAL 
hours/minutes 
Monday-Friday 
How many 
times in 
TOTAL 
Saturday & 
Sunday? 
TOTAL 
hours/minutes 
Saturday & 
Sunday 
EXAMPLE 
Walk for exercise 
No1     Yes2 2 1 hour 30 minutes 0 0 hours 
a. Ride a bicycle for fun  No1     Yes2  ____Hrs____Mins  ___Hrs____Mins 
b. Walk for exercise No1     Yes2  ____Hrs____Mins  ___Hrs____Mins 
c. Walk the dog No1     Yes2  ____Hrs____Mins  ___Hrs____Mins 
d. Play with the dog or other 
pets 
No1     Yes2  ____Hrs____Mins  ___Hrs____Mins 
e. Organised sport or activities No1     Yes2  ____Hrs____Mins  ___Hrs____Mins 
f. Travel by walking to 
destinations other than 
school 
No1     Yes2  ____Hrs____Mins  ___Hrs____Mins 
g. Travel by cycling to 
destinations other than 
school 
No1     Yes2  ____Hrs____Mins  ___Hrs____Mins 
h. Travel by car to 
destinations other than 
school 
No1     Yes2  ____Hrs____Mins  ___Hrs____Mins 
i. Travel by walking to school 
(to and from school = 2 
times) 
No1     Yes2  ____Hrs____Mins   
j. Travel by cycling to school 
(to and from school = 2 
times) 
No1     Yes2  ____Hrs____Mins   
k. Travel by car/bus to school 
(to and from school = 2 
times) 
No1     Yes2  ____Hrs____Mins   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
21. Which of the following LEISURE activities does your child USUALLY do during a typical 
WEEK?  (In the current school term, do NOT include school holidays)  
During a typical WEEK what 
leisure activities does your 
child usually do? 
Does your 
child usually 
do this 
activity? 
TOTAL 
hours/minutes 
AFTER SCHOOL 
Mon-Fri 
TOTAL 
hours/minutes 
WHOLE DAY  
Mon-Fri 
TOTAL 
hours/minutes 
Saturday & 
Sunday 
Example: TV No1     Yes2 10 hours 15hrs 6hrs 45mins 
a. TV / videos/DVD’s No1     Yes2 ____Hrs____Mins ____Hrs____Mins ____Hrs____Mins 
b. Playstation© / Nintendo© / 
computer games 
No1     Yes2 ____Hrs____Mins ____Hrs____Mins ____Hrs____Mins 
c. Nintendo Wii No1     Yes2 ____Hrs____Mins ____Hrs____Mins ____Hrs____Mins 
d. Computer / Internet 
(excluding games) 
No1     Yes2 ____Hrs____Mins ____Hrs____Mins ____Hrs____Mins 
 
 
 
 
22. Think about a TYPICAL WEEK in the CURRENT SCHOOL TERM. How often does your child 
participate in physical activity or play sport...? (Please tick one response per line)   
 Never1 1-2 days/ 
week2 
3-4 days/ 
week3 
5-6 days/ 
week4 
Everyday5 N/A6 
a. With his/her siblings   c c c c c c 
b. With a parent/guardian/caregiver c c c c c  
c. With  friends c c c c c  
 
The next question asks about your child’s TV viewing and computer use. Please note the 
following definitions: 
  
• TOTAL hours/minutes AFTER SCHOOL Mon-Fri: refers to the TOTAL time between when the 
child arrives home from school and when they go to bed on Monday to Friday                                   
  
• TOTAL hours/minutes including after school Monday-Friday: this includes the morning and 
after school periods (i.e, the whole day) 
 
Eg. In the example provided the child watched TV for 2 hours after school each day of the week 
(total: 2 hours x 5 days =10 hours).The child also watched TV for an hour before school each day 
of the week (total: 1 hour x 5 days =5 hours). The 10 after-school hours were added to these 5 
hours to get the whole day total of 15 hours. 
YOU AND YOUR CHILD 
             
 
23. Think about a TYPICAL WEEK in the CURRENT SCHOOL TERM. How often does your child 
sit and watch TV, play video/electronic games, on the computer, or with other electronic 
devices … (Please tick one response per line)   
 Never1 1-2 days/ 
week2 
3-4 days/ 
week3 
5-6 days/ 
week4 
Everyday5 N/A6 
a. With his/her siblings   c c c c c c 
b. With a parent/guardian/caregiver c c c c c  
c. With  friends c c c c c  
 
 
24. Think about a TYPICAL WEEK in the CURRENT SCHOOL TERM. How often do you or 
another adult in the household: (Please tick one response per line)   
 Never1 1-2 days/ 
week2 
3-4 days/ 
week3 
5-6 days/ 
week4 
Everyday5 
a. Watch your child participate in physical activity 
or sports 
c c c c c 
b. Watch your child play on the 
computer/electronic games 
c c c c c 
c. Praise your child for participating in physical 
activity or sports 
c c c c c 
d. Encourage your child to do physical activity or 
sports 
c c c c c 
e. Praise your child for playing on the 
computer/electronic games 
c c c c c 
f. Encourage your child to sit quietly and watch TV c c c c c 
g. Reward your child for being active c c c c c 
h. Provide transport to a place where your child 
could do physical activity or play sports 
c c c c c 
i. Provide practical support (eg club fees) for your 
child to do physical activity or sport 
c c c c c 
j. Tell your child off for watching too much TV c c c c c 
 
 
 
 
 
 
 
 
             
 
 
 
 
 
 
25. During the CURRENT SCHOOL TERM (NOT including holidays), what was your child's 
USUAL before and after school care arrangement? (Please tick one response per line)   
 
 
My child... 
Less than 
once per 
week1 
1 day/  
week2 
2 days/ 
week3 
3 days/ 
week4 
4 days/ 
week5 
5 days/ 
week6 
No/Doesn't 
apply7 
 
a. …goes to before school care 
c c c c c c c 
 
b. …goes to after school care 
c c c c c c c 
 
c. …goes to a friend’s house 
after school 
c c c c c c c 
 
d. …is looked after by a 
babysitter/relative after school 
c c c c c c c 
 
e. …is looked after by me/my 
partner after school 
c c c c c c c 
 
f. …is looked after by older 
brother/ sister after school 
c c c c c c c 
 
g. …is home alone after school 
c c c c c c c 
h. …goes to a club (eg. Sport) c c c c c c c 
i. Other (please state): 
_________________ 
c c c c c c c 
 
 
26. Think about the LAST WEEK. What was your child's after-school care arrangement? 
 
a. Last week my child went… 
 
(Tick as many as apply) 
 
Monday 
 
Tuesday 
 
Wednesday 
 
Thursday 
 
Friday 
a. …home c c c c c 
b. …to a friend’s place c c c c c 
c. … to a relative’s place c c c c c 
d. …to after-school care c c c c c 
e. …to a sporting Club c c c c c 
f. … other (please state) 
______________________ 
c c c c c 
 
 
 
 
 
 
 
 
 
 
 
 
HOW YOUR CHILD SPENDS TIME OUTSIDE 
OF SCHOOL HOURS 
             
 
b. After school last week, my child 
was with… (Tick as many as apply) 
 
Monday 
 
Tuesday 
 
Wednesday 
 
Thursday 
 
Friday 
1. …Mum/step-mum c c c c c 
2. …Dad/step-dad c c c c c 
3. …Step/Brother c c c c c 
4. …Step/Sister c c c c c 
5. …Friend c c c c c 
6. …Relative c c c c c 
7. …Grandparent/s c c c c c 
8. …Nanny/Minder c c c c c 
9. …Other (Please state) 
________________________ 
c c c c c 
27. During the school terms, on a typical school day, what time do you allow your child to be 
outdoors until? (Without adult supervision.  May be with other children) 
a. During warmer months (Terms 1 and 4): __________pm 
 
b. During the cooler months (Terms 2 and 3): __________pm  
28. During the school terms, on a typical school day, what time does your child eat dinner?   
 ________:________pm 
29. Below are some reasons that might stop your child from doing more physical activity 
than he/she already does. How much do you agree or disagree with each of the 
following statements? (Please tick one response per line)     
 Strongly disagree1 
Disagree
2 
Neither 
agree or 
disagree3 
Agree4 
Strongly 
agree5 
a. My child doesn’t have enough energy to do more 
physical activity 
c c c c c 
b. My child doesn’t have enough time to do physical 
activity 
c c c c c 
c. My child doesn’t have anyone to be physically 
active with 
c c c c c 
d. My child just doesn’t enjoy being physically active c c c c c 
e. The right facilities are not available for my child to 
do more physical activity 
c c c c c 
f. My child is too overweight to participate in physical 
activity 
c c c c c 
g. My child doesn’t have good enough skills (eg 
kicking, throwing, catching) to do more physical 
activity  
c c c c c 
             
 
30. Please tell us how much you agree with the following statements. (Please tick one response 
per line)   
 Strongly disagree1 
Disagree
2 
Neither 
agree or 
disagree3 
Agree4 
Strongly 
agree5 
a. I think that my child should do at least one hour of 
physical activity every day 
c c c c c 
b. I am satisfied with the amount of physical activity 
my child does 
c c c c c 
c. I would like my child to do more physical activity c c c c c 
d. My child does enough physical activity to keep 
him/her healthy 
c c c c c 
e. The amount of TV my child watches would 
adversely affect his/her health 
c c c c c 
f. The amount of time my child spends on the 
computer/playing electronic games would adversely 
affect his/her health 
c c c c c 
g. Using the computer is important for my child’s 
learning  
c c c c c 
h. I think my child should spend less than 2 hours per 
day watching TV or playing on the computer  
c c c c c 
i. If my child watched less TV and used the computer 
less,  there would be nothing for my child to do 
c c c c c 
j. The TV/computer is useful for keeping my child 
occupied 
c c c c c 
k. My child prefers to watch TV/use the computer 
than play outside 
c c c c c 
l. I don’t have to worry about where my child is when 
he/she is watching TV/using the computer 
c c c c c 
m. My child might get up to mischief if he/she wasn’t 
allowed to watch TV/use the computer 
c c c c c 
n. My child’s siblings or friends encourage him/her to 
watch TV/use the computer with them 
c c c c c 
o. My child is ‘addicted’ to the computer  c c c c c 
p. TV viewing is something my child does 
automatically 
c c c c c 
q. I am too busy after school to be concerned about 
my child’s activity levels 
c c c c c 
r. My child gets enough physical activity after school 
through extracurricular activities, so he/she doesn’t 
need to be active when he/she gets home. 
c c c c c 
             
 
31. How much do you agree with the following? (Please tick one response per line)   
 Strongly 
disagree1 
Disagree
2 
Neither 
agree or 
disagree3 
Agree4 
Strongly 
agree5 
a. My child needs to be encouraged to be physically 
active 
c c c c c 
b. My child is naturally active  c c c c c 
c. My child is usually too active and must be ‘slowed 
down’ 
c c c c c 
d. Physical activity is something my child does 
automatically 
c c c c c 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
You are over halfway 
through! 
You may like to stop for a break now 
and do the rest of the survey later 
 
 
 
             
 
 
32. In the past month, about how often has your child had the following? (Please tick one 
response on each line) 
 
Never or 
less than 
once 
/month1 
1-3 
times/ 
month2 
Once/ 
week3 
2-4 
times/
week4 
5-6 
times/
week5 
Once a 
day6 
2-3 
times a 
day7 
4-5 
times a 
day8 
6 or 
more 
times a 
day9 
a. Potato crisps 
or salty snack 
foods 
c c c c c c c c c 
b. Chocolate or 
lollies 
c c c c c c c c c 
c. Cake, doughnuts, 
sweet biscuits 
c c c c c c c c c 
d. Pies, pasties or 
sausage rolls 
c c c c c c c c c 
e. Fast foods (e.g. 
McDonalds, KFC, 
Pizza) 
c c c c c c c c c 
f. Hot chips, French 
fries, wedges, or 
fried potatoes  
c c c c c c c c c 
 
33. About how many serves of vegetables does your child usually eat per day? Do not include hot 
chips or fried potato. (1 serve = ½ cup cooked vegetables or 1 cup salad vegetables)  (Please tick one 
response only) 
 
My child does 
not eat 
Vegetables1 
Less than 
one serve/ 
day2 
One 
serve/ 
day3 
2 
Serves/ 
day4 
3 
Serves/ 
day5 
4 
Serves/ 
day6 
5 
Serves/ 
day7 
6 or 
more 
Serves/ 
day8 
Vegetables c c      c      c        c    c     c         c 
 
34. About how many serves of fruit does your child usually eat per day? Do NOT include fruit juice. (1 
serve = 1 medium piece or 2 small pieces of fruit or 1 cup of diced pieces)  (Please tick one response only) 
 My child does not eat fruit1 
Less than 
one serve/ 
day2 
One 
serve/ 
day3 
2 
Serves/ 
day4 
3 
Serves/ 
day5 
4 
Serves/ 
day6 
5 
Serves/ 
day7 
6 or 
more 
Serves/ 
day8 
Fruit  c c      c      c        c    c     c         c 
 
YOUR CHILD’S DIET 
             
 
35.  About how many serves of fruit juice does your child usually drink each day? (Please tick one 
response only) (1 serve = 125ml or ½ cup/glass or popper/tetra pack)  
 
My child does 
not drink fruit 
juice1 
Less than 
one serve/ 
day2 
One 
serve/ 
day3 
2 
Serves/ 
day4 
3 
Serves/ 
day5 
4 
Serves/ 
day6 
5 
Serves/ 
day7 
6 or 
more 
Serves/ 
day8 
Fruit juice c c      c      c        c    c     c         c 
 
36. About how much SOFT DRINK (excluding diet soft drinks) does your child usually drink each day? 
(include all types of soft drink, including fruit flavoured drinks and sports drinks, but exclude any 
diet soft drinks, fruit juice or plain water) (Please tick one response only) (1 serve = 125ml or ½ 
cup/glass; 1 can = 3 serves; 600ml bottle = 5 serves; 1.25ml bottle = 10 serves) 
 
My child does 
not drink soft 
drinks1 
Less than 
one serve/ 
day2 
One 
serve/ 
day3 
2 
Serves/ 
day4 
3 
Serves/ 
day5 
4 
Serves/ 
day6 
5 
Serves/ 
day7 
6 or 
more 
Serves/ 
day8 
Soft Drinks c c      c      c        c    c     c         c 
   
             
 
  
 
37. How much do you agree with the following statements? (Please tick one response per line) 
 
 Strongly disagree1 
Disagree
2 
Neither 
agree or 
disagree3 
Agree4 
Strongly 
agree5 
a. I let my child watch any television shows he/she 
chooses 
c c c c c 
b. I restrict how much time my child spends 
watching TV 
c c c c c 
c. During meal times, I do not allow the TV to be 
on 
c c c c c 
d. I restrict how much time my child spends using 
the computer and playing electronic games 
c c c c c 
e. My child is allowed to play on the computer 
when he/she chooses 
c c c c c 
f. My child is allowed to play on the computer or 
use electronic games (eg PSP) in his/her room 
c c c c c 
g. My child is allowed to play active games inside 
the house 
c c c c c 
h. My child is not allowed to throw balls or play 
ball-games inside the house 
c c c c c 
i. My child must finish his/her homework before 
playing outside           
c c c c c 
j. My child must finish his/her homework before 
watching TV           
c c c c c 
k. I don’t allow my child to walk/ride a bike on the 
street without an adult 
c c c c c 
l. My child is allowed to go to the park without an 
adult 
c c c c c 
m. My child is allowed to go to the local shops 
without an adult 
c c c c c 
 
 
 
 
 
 
 
 
RULES FOR YOUR CHILD 
             
 
 
 
 
38. Please tell us about your child’s homework during the CURRENT SCHOOL TERM.  (Please 
tick one response per line)   
 
Never1 
 
Once/ 
Month2 
Once/ 
Fortnight3 
1-2 days 
/week4 
3-4 days 
/week5 
Every 
day6 
Don’t 
know7 
a. My child completes reading 
homework 
c c c c c c c 
b. My child completes worksheet 
homework (eg Maths)  
c c c c c c c 
c. My child’s homework requires 
him/her to be active 
c c c c c c c 
 
39. Think about a TYPICAL WEEK in the CURRENT SCHOOL TERM, how much time do each 
of the following people participate in completing school homework tasks WITH your 
child?  
 
a. Total time spent by adult/s (persons 18 years and over):  
   __________hours and __________minutes/week 
 
b. Total time spent by other children eg. older sibling (persons 18 year and under): 
  __________hours and __________minutes/week 
 
 
40. Please tell us about your involvement in your child’s school and homework during the 
CURRENT SCHOOL TERM.  (Please  tick one response per line)   
 Never/Rarely1 Sometimes2 Always3 
a. I supervise my child completing homework 
c c c 
b. I participate in my child’s homework with him/her 
c c c 
c. I complete my child’s homework for him/her 
c c c 
d. I and/or my partner take a keen interest in my child’s education 
c c c 
e. I and/or my partner attend parent teacher meetings at my child’s 
school 
c c c 
f. Most parents in my child’s class are involved in activities at the 
school (eg athletics days, Fetes, Canteen duty) 
c c c 
g. I regularly participate in classroom or school activities 
c c c 
h. I know what my child is currently doing in school 
c c c 
YOUR CHILD’S SCHOOL  
Please be assured your responses will remain confidential. Your child’s school will not be informed of your responses. 
             
 
41. Please tell us how much you agree or disagree with the following statements. (Please 
tick one response per line) 
 
42. Please indicate how much you agree with the following statements. (Please tick one 
response per line)   
  
 
 
 
 Strongly disagree1 
Disagree
2 
Neither 
agree or 
disagree3 
Agree4 
Strongly 
agree5 
a. My child gets enough physical activity at school (eg 
recess and lunch breaks) for health benefits 
c c c c c 
b. My child gets enough physical activity at school, so 
he/she doesn’t need to be active when he/she gets 
home 
c c c c c 
c. My child’s school does play an important role in the 
provision of physical activity for my child 
c c c c c 
d. My child should not receive any homework 
c c c c c 
e. I believe homework is important for my child’s 
educational development 
c c c c c 
f. If my child’s homework was completed in an active 
way (eg. go for a walk to count letter boxes), the 
education benefits of the homework tasks would be 
reduced.  
c c c c c 
If my child spent more time standing during 
class time… 
Strongly 
disagree1 
Disagree
2 
Neither 
agree or 
disagree3 
Agree4 
Strongly 
agree5 
a. He/she would concentrate more c c c c c 
b. He/she would be less productive in class  c c c c c 
c. He/she would be tired when he/she got home c c c c c 
d. He/she would be too tired to play outdoors after 
school 
c c c c c 
e. It would benefit his/her health c c c c c 
f. It would benefit his/her academic performance c c c c c 
             
 
43. Please indicate how much you agree with the following statements. (Please tick one 
response per line) 
 
 
 
 
 
 
 
 
44. Which of the following do you have at your house? (tick as many as apply) 
1 Pay TV 
1 Internet 
1 Video/DVD player 
  1 Nintendo Wii  
1 Television, please write the number of working TVs in your home _______________ 
1 Electronic game consoles (eg playstation, EXCLUDING Nintendo Wii) please write the 
number of working consoles in your home _______________ 
 
45. Please tell us about your yard where your child is able to play. How big is your yard?    
(Please tick ONE box)  
1 no yard at all 
2 no private yard 
3 a small yard (eg unit or courtyard) 
4 a medium yard (eg standard block of land) 
5 a large yard (eg ¼ acre block or larger) 
 
46. Do you live on a cul-de-sac, court or no-through 
road? (Please tick ONE box)    
1 yes 2 no 
 
 
 
If my child spent more time standing 
completing homework… 
(eg standing while reading) 
Strongly 
disagree1 
Disagree
2 
Neither 
agree or 
disagree3 
Agree4 
Strongly 
agree5 
a. He/she would be more likely to finish their task c c c c c 
b. He/she would be able to concentrate more  c c c c c 
c. He/she would be too tired to complete his/her 
homework  
c c c c c 
YOUR HOME 
             
 
 
 
 
 
47. What relation are you to the child involved in this study?   (please tick one box)  
 
1 Mother   2  Female carer 
3 Father   4  Male carer 
5 Grandparent  6 Guardian 
7 Other (please state): _______________________  
 
48. Thinking about the child involved in this study, which of the following applies to their 
family situation? (please tick one box)    
   1 Both the child’s birth parents live together 
2 The child’s birth parents live apart 
3 Other family situation.  Please describe: ________________________________ 
 
 
49. How old are you, the parent?    _________ years 
 
50. What is your sex? (please tick one box)  
   
1 Male 
2 Female   
 
51. What is your current marital status? (please tick one box)     
 
1 Married    4 Divorced    
2 De facto/Living together  5 Widowed 
3 Separated    6 Never married 
 
52. Where were you born? (please tick one box) 
 
1 Australia   6 Germany 
2 UK or Ireland   7 New Zealand 
3 Italy    8 Vietnam   
4 Greece    9 Poland 
5 Netherlands   10 Other (please state) ______________ 
 
53. In your household, do you usually speak English? (please tick one box)   
 
 1 Yes 
2 No 
 
 
ABOUT YOU 
             
 
54. What is your highest level of schooling? (please tick one box)  
   
1 Never attended school 
2 Primary school 
3 Some high school 
4 Completed high school 
5 Technical or trade school certificate/apprenticeship 
6 University or tertiary qualification 
 
55. How tall are you without shoes?  (If unsure please state your best guess)  
 
 
___________cm  or  ______________feet/inches 
 
 
56. How much do you weigh without clothes or shoes?  (If unsure please state your best guess) 
  
 
___________kg              or  ______________stone/pounds 
 
 
57. How many children ‘dependents’ currently live in your house (including the child in this 
study)?         
 
  Write the number here: _______ 
 
Please list the age and gender of each child below: (please INCLUDE the child in this study)  
 
Age (years)    Gender (M/F) 
 1) _________    _________ 
 2) _________    _________ 
 3) _________    _________ 
 4) _________    _________ 
 5) _________    _________ 
 6) _________    _________ 
 
 
58. Are you currently: (please tick as many as apply)  
 
1 Employed full time in paid employment  2 A night-shift worker 
3 Employed full time in unpaid employment 4 A shift worker 
5 Employed part time in paid employment  6 Retired 
7 Employed part time in unpaid employment 8 Unemployed  
9 Home-duties full time    10 A student 
11 Other (please state) _______________________________ 
 
59. Thinking about the last month, in a typical working week (Monday to Friday), on 
average, how many hours per day did you spend working in paid employment outside 
your home?  
 
 ________ hours per day   
             
 
 
 
60. Have you been diagnosed with diabetes? (Please tick one response) 
1 yes  2 no  3 don’t know 
If yes, what was your age at diagnosis__________ years 
 
61. Have you been told by a Doctor or Nurse that you have high blood pressure of 
hypertension? (Please tick one response) 
 
1 yes  2 no  3 don’t know 
 
62. Are you currently taking tablets for high blood pressure?  (Please tick one response) 
1 yes  2 no  3 don’t know 
 
63. Have you been told by a Doctor or Nurse that your blood cholesterol or triglycerides are 
high? (Please tick one response) 
1 yes  2 no  3 don’t know 
 
64. Are you currently taking tablets to lower your cholesterol/triglycerides? (Please tick one 
response) 
1 yes  2 no  3 don’t know 
 
 
Thank you for completing this survey for us! 
 
 
 
 
 
 
 
 
 
YOUR HEALTH  
             
 
 
 
 
We greatly appreciate the time you have taken to help us with our research. It would not be 
possible without your generous assistance. 
 
We will be conducting the next Transform-Us! assessment phase in 12 months time. This will 
allow us to look at changes in young people’s activity levels over time and to understand the 
influences on these.  In order for us to contact you to inform you of when this will occur, please 
provide your details below, and the contact details of a close friend or relative, not living with 
you, who we can contact in the event that you move house. 
 
My Name: ___________________________________________________________________ 
 
My Postal Address:  __________________________________________________________ 
   House number   Street name 
   __________________________________________________________ 
   Suburb   Post Code 
Phone Numbers:  
 
(home)  __________________________ (work) __________________________ 
 
(mobile)__________________________ 
 
Email Address:    ___________________________________________________ 
 
 
Name of a close friend or relative (in the event I move) 
 
(1)  Name:   ___________________________________________________ 
 
Postal Address:    ___________________________________________________ 
    House number   Street name 
 
    ___________________________________________________ 
    Suburb   Post Code 
 
Phone:  ____________________  Email: _________________________ 
 
 
 
(2)  Name:   ___________________________________________________ 
 
Postal Address:    ___________________________________________________ 
    House number   Street name 
 
    ___________________________________________________ 
    Suburb   Post Code 
 
Phone:  ____________________  Email: _________________________ 
 
 
This page will be removed on receipt of the questionnaire 
 
 
THANK YOU FOR YOUR TIME AND HELP WITH THIS 
RESEARCH 
